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SUMMARY  Aril)  CONCLUSIONS 

As  a  result  of  this  study,  it  has  been  concluded  that  MIL-A-8806  (ASG), 
the  Military  Specification  for  noise  levels  in  aircraft  should  be 
amended  for  Army  Aircraft  during  normal  cruise  power  by  the  addition 
of  a  Xabie  V. 


TABLE  V 

frequency  Bands  and  Acceptable  Noise  Level 
at  Normal  Cruise  Power 


Frequency  B-nds,  cps 


Acceptable  Noise  Levels,  db 


Overa' 

!i 

106 

37.5  - 

75 

104 

75  - 

150 

104 

150  - 

300 

104 

300  - 

600 

96 

600  - 

1200 

90 

1200  - 

2400 

86 

2400  - 

4800 

i  - 

4800  - 

9600 

75 

It  is  recommended  -ha:  Paragraph  3.1.4  of  Specification  MIL-A-8806 
(ASO)  dated  25  October  1956  shall  be  amended  by  the  addition  of  a 
Tabli  V  and  rewording  of  the  existing  paragraph  as  follows  (underlines 
indicate  added  or  changed  wording). 

3.1.4  Normal  cruise  power  -  The  acceptaole  noise  level  in  any 
part  of  the  aircraft  intended  for  occupancy  by  the  crew 
or  otler  personnel  shall  not  exceed  the  values  shown  in  Tatue  TV 
or  V  (whichever  Is  applicable)  under  conditions  of  NORMAL  CRUISE 
POt'ER . 

Table  IV  is  applicable  to  all  Naval  aircraft  procurement  and  to 
Air  Force  and  Acav  fixed  wing  aircraft  procurement  when  so  stated 
in  the  aircraft  detail  specification.  Table  V  it  applicable 
all  Army  rotary  wins  and  Vl'OL/STOL  aircraft  procurement  when  so 
Stated  in  the  aircraft  detail  specification . 

Figures  183  and  184  summarize  the  internal  and  external  noise  envi¬ 
ronments  which  were  encountered  in  the  fixed  and  rotary  wing  aircraft 
tested.  The  two  VTOL  test  beds  were  excluded  because  of  the  lack  of 
directly  comparable  data.  For  purposes  of  providing  a  coudensed 
summaty  which  retained  more  significance  than  just  the  over-all,  or 
peak,  sound  levels  the  arithmetic  averages  of  what  have  arbitrarily 
been  det.ned  a.  the  low  (20-75  and  75-150),  middle  (150-300,  300-600 
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and  600-1200)  and  high  (1200-2400  ,  2400-4800,  and  4800-10,000  cps) 
octave  bands  are  presented  This  has  the  advantage  of  preserving 
some  description  of  frequency  distribution.  It  is  noteworthy  that 
the  relative  noise  levels  internally  and  externally  are  not  directly 
compirable.  For  example,  the  low  frequency  internal  data  for  the 
H-l?i  ?re  greater  than  for  any  other  aircraft  while  the  comparable 
external  data  are  the  lowest  of  all  aircraft  tested.  Such  a  condition 
is  indicative  of  a  local  condition  within  the  aircraft'  such  as  either 
a  structural  or  an  air  cavity  resonance  which  is  apparently  amplify¬ 
ing  a  particular  exciting  frequency  within  the  aircraft. 

Cot  re J ai ion  of  pilot  comment  with  measured  data  shows  that  Army 
pilots  require  additional  relief  from  noise  at  high  frequencies 
over  that  afforded  by  Table  IV  of  M1L-A-8806  (ASG)  dated  25  October, 
19co,  when  flying  rotary  wing  aircraft  (Ref.  Fig  157).  It  further 
appears  that  most  aircraft  being  operated  by  the  Army  do  not  comply 
with  Table  IV  of  MIL-A-8806. 

Treatments  which  would  insure  pilot  satisfaction  can  be  achieved  at 
nominal  penalties  averaging  about  17.  of  gross  weight  and  107.  of  range. 

Greater  efficiency  in  noise  control  can  be  achieved  by  reduction  at 
the  source.  Such  achievement  will  require  research  into  several 
basic  mechanisms  of  aircraft  noise. 

In  view  of  the  meager  amount  of  data,  especially  internal,  which  ia 
available  on  the  newer  types  of  VTOL/STOL  aircraft  it  is  recommended 
that  the  Army  keep  the  inventory  of  acoustical  data  acquired  in 
Task  I  up  to  date  by  addition  of  all  new  aircraft  and  test  beds  as 
soon  ar,  their  stage  of  development  will  permit  satisfactory  comple¬ 
tion  of  the  required  flight  program. 

During  interviews  conducted  during  the  Task  II  survey  many  Army 
personnel  expressed  concern  about  the  tactical  and  operational 
limitations  which  must  often  be  placed  on  aircraft  due  to  external 
rolse.  It  is  recommended  that  the  external  data  obtained  during 
the  Task  1  program  be  uaed  as  a  basis  for  establishing  a  specifica¬ 
tion  for  external  noise  levels  to  be  applied  to  Army  combat  aircraft. 

It  is  apparent  that  the  most  efficient  acoustical  control  is  that 
which  can  be  applied  at  the  a«->rce.  Studies  of  sources  leading  to 
major  pilot  discomfort  Indicate  the  great  potential  weight  aaving 
and  value  of  reducing  transmission  noise  by  gear  and/or  case  design 
and  by  reducing  turbine  inlet  and  compressor  noise.  It  appears 
that  research  in  these  areas  will  have  to  be  pursued  if  weight 
allocations  for  nolae  reduction  are  not  to  become  exceaaive. 
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Rotor  noise. which  with  the  advent  of  the 
becomes  the  major  external  noise  problem 
Lively  neglected.  Wind  tunnel  and  whirl 
better  understanding  the  causes  of  rotor 
the  effects  of  blade  design  on  the  noise 
carried  on  if  helicopters  are  to  realize 
potential. . 


gas  turbine  definitely 
has,  up  to  now,  oeen  rela 
tower  studies  aimed  at 
blade  noise  and  studying 
generated  should  be 
the ■ r  full  military 
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INTRODUCTION 


This  study  of  the  problem  of  aircraft  noise  and  its  effect  on  Army 
operation  and  utilization  of  equipment  is  divided  into  three  tasks: 

Task  l 

A  sound  measure  level  measurement  program  which  was  carried  out  on 
twelve  of  the  Army's  aircraft  inventory.  (Specifically,  the  L-20, 
L-23,  U-l A,  11-13,  H- 21 ,  H-23.  H-J4,  K-37.HU-1A,  YHC-1A,  Doak  16  and 
Vertol  76  Aircraft.) 

Task  II 

A  study  of  the  effect  of  aircraft  noise  on  Army  aircraft  operations 
as  limited  by  the  noise  environment  to  which  pilots  are  exposed, 
and  performance  limits  which  might  be  imposed  on  the  aircraft  by 
additional  soundproofing  treatments. 

Task  III 

A  review  of  Specification  Mil,- A-8806  for  adequacy  and  applicability 
to  Army  aircraft,  in  light  of  the  findings  of  Task  II.  This  will 
Include  recommendations ,  it  warranted,  for  revisions  o r  addenda. 

Consideration  of  acoustic  design  and  application  of  noise  control 
measures  to  military  aircraft  have,  for  a  long  time,  been  relegated 
to  a  relatively  minor  role  in  overall  design  considerations.  The 
insulting  high  noise  levels  which  have,  unfortunately,  become 
xpsociaced  with  these  vehicles  were  long  cegarded  merely  as  unde¬ 
sirable  working  conditions  with  which  flight  and  ground  crewa  have 
had  to  contend.  The  development  of  new  higher  performance  aircraft, 
however,  lesulted  in  furt'nei  increases  in  noise  levels  to  the  point 
where  action  has,  in  many  cases,  become  mandatory. 

The  benefits  derived  from  good  noise  control,  however,  far  exceed 
those  of  hearing  preservation  alone.  Low  internal  noise  reduces 
pilot  fatigue,  permits  good  radio  and  intercommunication  system 
operation,  and  generally  improves  physical  response  and  morale  of 
flight  crews. 

Kxternal  noise  level  problem*  aie  of  extreme  importance  in  limiting 
the  tactical  utilization  of  many  troop-carrying  aircraft.  A  far- 
carrying  and  distinctive  noise  can,  for  example,  completely  cancel 
the  advantage  of  surprise  assault  available  with  troop-carrying 
helicopters  operating  behind  hills  or  below  "treetop  level". 


Community  relations,  in  non-combat  areas,  in  recent  years  has  become 
sn  area  of  increasing  problem.  Location  of  airports  and  flight 
operational  procedures  have,  in  many  cases,  bean  dictated  largely  by 
noise.  It  is,  therefore,  most  desirable  that  the  aircraft  itself  be 
designed  such  that  its  utilization  need  not  later  be  restricted. 

In  order  to  arrive  at  aircraft  witti  optimum  noise  characteristics 
without  paying  undue  penalties  in  weight,  performance,  etc.,  it  is 
necessary  to  establish  criteria  which,  when  satisfied,  will  permit 
unrestricted  operation  with  high  crew  efficiency  and  still  not  be 
conservative  to  a  penalizing  degree.  It  is  the  purpose  of  this 
program  to  arrive  at  such  criteria  for  the  types  of  aircraft  oper¬ 
ated  by  the  U.S.  Army  and  to  consider  the  effects  of  such  control 
on  the  aircraft  itself. 
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manufacturer  for  check.  One  was  found  to  be  exactly  correct  while 
the  other  was  found  to  be  only  .4  dh  low.  Tie  first  calibrator  was 
then  placed  in  storage  (as  a  master)  and  the  second  used  for  field 
operations.  At  the  conclusion  of  the  testing  the  two  calibrators 
were  again  compared  and  no  shift  noted.  The  .4  db  variance  was 
then  compensated  for  in  analysis,  and  correct  and  consistent  cali¬ 
bration  insured, 

System  Calibration 

Since  the  4C0  cps  calibration  is  only  a  single  frequency  check  on 
the  system  gain,  a  complete  system  calibration  was  performed  as 
follows : 

).  The  microphone  was  connected  to  its  preamplifier  and  the  400  cps 
GR  type  1 552 -B  calibrating  speaker  placed  on  the  microphone. 

The  resulting  open  circuit  voltage  from  the  preamp  output  was 
measured  as  .295  volt  for  121  db  input.  This  agreed  within  1  db 
with  the  voltage  output  predicted  from  the  microphone  calibra¬ 
tion  curves.  For  use  later  in  this  calibration  procedure,  the 
open  circuit  voltage  at  100  db  was  calculated  to  be  .026  volts. 

2.  A  test  chamber  (Figure  1)  was  constructed  and  the  circuit  of 
Figure  2  connected.  The  calibrating  speaker  was  placed  over  the 
microphone  (dotted  circuit)  and  the  octave  band  analyzer  adjusted 
to  read  121  db.  In  this  case  and  in  the  following  calibrations 
the  recorder  was  in  the  "tape  mode,"  i.e  ,  the  signal  was  recorded 
on  the  tape  and  the  octave  hand  analyses  made  from  the  taped 
signal.  This  procedure  insured  that  the  characteristics  of  the 
recording  head  and  playback  system  were  accounted  for. 

3.  The  signal  generator  (solid  circuit)  was  then  set  at  each  fre¬ 
quency  to  be  calibrated  and  its  output  adjusted  so  that  the  open 
circuit  voltage  of  the  microphone  preamp  output  was  .026  volts 
(100  db) .  The  microphone  was  then  connected  into  the  circuit  and 
the  output  read  on  the  octave  band  analyzer.  At  each  frequency 
the  calibration  was  made  for  several  attenuator  settings  as 
shown  in  Figure  3. 

4.  Examination  of  Figure  3  shows  thst  linearity  of  response  is 
very  dependent  on  signal  level.  The  high  frequency  cutoff 
exhibited  with  the  low  attenuation  setting  (5)  is  evidence  of 
amplifier  saturation.  While  the  amplification  obtained  at  atten¬ 
uator  settings  7  and  8  agree  closely  with  the  microphone  char¬ 
acteristic  curve,  attenuator  6  at  100  db  apparently  compensates 
well  and  provides  optimum  response.  By  noting  the  position  of 
the  V.U.  meter  during  calibration,  it  was  possible  to  select 
attenuator  settings  in  the  field  io  as  to  record  at  this  same 
level  thereby  assuring  input  corresponding  to  the  celibratlon 

at  attehuator  6.  This  removed  any  necessity  for  compensation 
in  the  analysis.  All  120  db  field  calibrations  were  made  at 
attenuator  8  to  correspond  with  the  optimum  recording  level 
equivalence  of  100  db  at  attenuator  6. 
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5.  The  recording  technique  was: 

a.  decord  121  db  400  cps  tone  generated  by  calibrating  speaker 
at  attenuator  8  (equivalent  to  100  db  at  attenuator  6) . 

b.  Adjust  attenuation  in  actual  noise  field  such  that  V.U.  Dieter 
reading  closely  approximates  that  during  calibration. 

c.  Make  recordings,  insuring  that: 

(1)  Neither  technician  nor  equipment  provides  undue  shield* 
ing  from,  or  reverberation  of.  subject  sound. 

(2)  Microphone  dots  not  make  direct  physical  contact  with 
vibrating  structure. 

(Figure  4  shows  the  test  equipment  mounted  in  the  back  of  a 

truck  for  external  noise  level  testing.) 

Analysis 

In  describing  noise,  it  is  necessary  to  specify  both  amplitude  and 
frequency.  Since  the  audio  range  is  quite  broad,  it  is  wften  con¬ 
venient  to  deal  with  group3  of  frequencies  and  integrate  the  ampli¬ 
tudes.  Perhaps  the  mo?t  common  audio  frequency  grouping  i3  by 
octave  bands.  All  data  taken  in  this  program  was  analyzed  by  play¬ 
ing  the  tape  through  a  General  Radio  Type  1550-A  Octave-Band  Noiae 
Analyzer,  utilizing  the  re  orded  calibration  cone  at  400  cps  for 
reference  and  reading  the  sound  pressure  levels  in  the  20-75,  75-150, 
150-300,  300-600,  600-1200,  1200-2400,  2400-4600,  4800-10,000  cps 
bands . 

When  it  1 s  necessary  to  Identify  picticular  noise  sources  of  discrete 
frequency  and  to  determine  rhelr  intensities,  it  is  then  necessary  to 
tutu  to  more  complex  equipment.  The  analyses  required  for  this  por¬ 
tion  of  the  program  were  carried  out  on  a  Technical  Products  Wave 
Analyzer  (Figure  5)  consisting  of  a  TP  626  Oscillator  and  a  TP  627 
Analyzer,  with  oueput  recorded  on  «  General  Radio  1521-A  Graphic  Level 
Recorder.  Figure  6  shows  a  block  diagram  of  chi*  system  which  is 
oasically  a  heterodyne  type  in  which  all  filtering  is  done  at  a 
frequency  of  97  kc  with  bandwidth*  of  either  2  cps  or  20  cps  available. 
The  tiltsrs  have  optimum  characteristics  as  displayed  by  Figure  7, 
which  shows  the  high  rejection  and  flat  top  required  for  best 
analysis.  Means  are  available  for  selecting  time  constant  and  paper 
speeds  to  permit  optimization  of  the  record  presentation  consistent 
with  faithful  results. 
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III.  TEST  1  -  DETERMINATION  OF  EXTERNAL  NOISE  FIELD 


The  purpose  of  this  test  was  to  determine  the  shape  and  intensity 
of  the  noise  field  surrounding  the  aircraft  for  the  purpose  of 
identifying  noise  sources  and  defining  problems  which  might  affect 
those  persons  required  to  work  in  the  area  immediately  adjacent 
to  ground  operations. 

In  each  case  the  aircraft  was  either  hovered  in  ground  effect  (for 
helicopters)  or  run  at  cruise  power  (for  fixed  wing  aircraft)  while 
records  were  taken  at  given  radii  from  the  intersections  of  center- 
lines  of  longicudinal  symmetry  and  power  plant. 

Records  were  taken  at  the  locations  shown  in  Figure  8  with  the 
following  exceptions: 


H-37  &  YHC-1 A  50  ft  radius  (Points  13,  14,  15,  16)  - 
omitted  due  to  proximity  to  aircraft. 


Doak  16  and  Data  for  the  Lwo  VTOL  aircraft  are  given 

Vertol  76  on  a  100  ft  radius  in  Figures  19  and  20 

because  of  previously  mentioned  limitations 
in  the  amount  of  such  data  compiled. 


Doak  16  Points  12,  1,  2,  3,  and  a  point  halfway  be¬ 

tween  4  and  5  were  the  only  ones  obtained 
because  of  limited  aircraft  availability. 


All  data  taken  are  tabulated  in  Appendix  II,  pages  242 
through  306 . 


Since  the  200  ft.  data  generally  give  the  clearest  definition  of 
the  sound  pattern, these  data  are  presented  in  polar  plot  form  in 
Figures  9  through  16. 


IV.  TEST  7  -  TAKE-OFF  AND  LANDING  NOISE 


Noise  levels  generated  by  aircraft  during  take-off  and  landing 
procedures  are  significant  both  from  the  standpoint  of  insuring 
safety  for  airbase  personnel  and  also  from  tactical  considerations, 
particularly  with  regard  to  helicopters  which  may  often  be  required 
lo  operate  out  of  unprepared  sites  in  combat  . reas  where  minimum 
detection  is  essential. 

Records  were  made  during  take-offs  in  which  the  aircraft  were 
required  to  clear  a  50  ft.  (Imaginary)  obstscle  in  250  ft.,  and 
normal  landings  at  the  locations  illustrated  in  Figure  21.  In 
the  case  of  fixed  wing  aircraft.,  landing  noise  was  found  very  low 
and  is  not  considered. 
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it  shouirt  be  kept  in  mind  that  the  sound  pressure  levels  shown  in 
Figures  22  through  33  and  data  presented  in  Pages  264  through  275 
are  the  maximum  recorded  and  do  not  necessarily  occur  at  the  same 
instant  in  time,  out  represent  a  profile  of  the  maximum  levels  in 
each  band  during  a  given  operation. 

V  TEST  3  -  GROUND  LEVEL  FLIGHT  NOISE 

The  ease  with  which  an  aircraft  can  be  detected  from  the  ground 
often  determines  the  operational  limitations  which  may  be  imposed 
uu  operations  in  hostile  areas.  Obviously  a  vehicle  which  makes 
its  presence  known  long  before  actual  arrival, p! aces  itself  in  a 
vulnerable  position  by  permitting  the  enemy  maximum  time  to 
prepare  countermeasures.  Noise,  therefore,  can  become  a  limiting 
factor  to  the  proximity  which  an  observation  aircraft  can  approach 
or  the  minimum  speed  ac  which  it  can  fly  in  carrying  out  its  mission. 

In  the  case  of  troop-carrying  aircraft,  where  maximum  surprise  is 
important,  the  distance  from  the  enemy  at  which  troops  may  be  safely 
disembarked  is  a  function  of  the  detectability  of  the  aircraft. 

Here,  again  external  flight  noise  may  limit  the  effectiveness  of 
tiie  "sky  Cavalry"  concept. 

During  this  rest  each  aircraft  was  flown  at  Its  basic  design  cruise 
speed  and  at  various  altitudes  from  25  to  500  ft.  and  at  horizontal 
distances  from  0  to  500  ft.  from  the  microphone,  as  illustrated  in 
Figure  3L. 

Although  operation  beyond  500  ft.  is  also  most  important,  it  was 
f mnd  that  under  the  ambient  conditions  available  at  the  test  sites 
(particularly  due  to  operation  of  other  aircraft  in  the  area)  much 
data  would  be  contaminated  Extrapolation  of  the  data  obtained  to 
mucli  greater  distances,  however,  is  relatively  simple  and  could  be 
carried  out.  Reference  1,  for  example,  outlines  the  analytic  method 
for  swell  predictions. 


Once  again  the  uuavr  baud  analyses,  Figures  J3  through  66,  and 
Pages  2/6  through  .7  are  the  maxima  independent  of  time  or  position 
of  the  aircraft. 

VI.  TEST  4  -  INTERNAL  NOISE  LEVELS 

Flight  sound  pressure  levels  were  recorded  in  each  aircraft,  the  teat 
procedure  being  identical  with  those  used  for  ground  work.  In  each 
aircraft,  records  were  made  at  the  pilot's  ear  location  and  where 
applicable  at  passenger  locations  during  typical  flight  conditions 
including  hover,  take-off,  cruise,  high  speed  forward  flight,  and 
aurorotatlons .  At  the  cruise  condition,  records  were  made  at  many 
locations  in  the  aircraft,  in  order  to  identify  sound  sources  and  to 
provide  informal  to. ■  required  to  proportion  acoustical  treatments 
properly 
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Most  of  the  aircraft  were  essentially  in  an  "as  delivered"  configuration 
In  some  cases,  however,  this  was  not  the  case,  and  where  deviations  from 
the  standard  configuration  occurred,  they  are  noted. 

illustrations  showing  microphone  locations  and  internal  sound  pressure 
levels  are  presented  in  Figures  67  through  103.  All  data  are  tabulated 
on  Pages  288  through  306  ■ 

VII.  NARROW  BAND  ANALYSIS 

In  order  to  determine  which  components  (propeller,  rotor,  gear  box, 
power  plant,  etc.)  are  the  prime  contributors  to  either  overall  or 
any  specific  octave  of  the  total  noise,  it  is  necessary  to  do  a  discrete 
frequency  analysis.  The  equipment  used  for  this  work  was  described 
on  Page  8  I  its  output  is  automatically  reproduced  in  strip  chart  form. 
Figure  104  shows  a  portion  of  a  typical  chart  and  illustrates  how  pre¬ 
dominant  source  identifications  can  be  made.  Several  of  the  larger 
peaks  are  immediately  identifiable  with  harmonics  of  engine  and  main 
rotor  frequencies,  e.  and  M  respectively,  while  the  subscript  denotes 
t::::monic  order.  Note  that  with  a  six-cylinder  four-stroke  engine  such 
a  'sed  in  the  U-13,  three  cylinders  receive  a  power  stroke  with  each 
ci.ukshaft  revolution.  As  a  result  third  harmooic  and  multiple  integers 
of  it  are  predominant.  Harmonics  shown  have  been  identified  E3  and  Eg. 
Also  identifiable  are  multiple  integers  of  the  two-bladed  main  rotor, 

M6,  M8,  and  Miq. 


Figures  105  through  135  present  charts  made  from  internal  and  external 
recordings  in  each  aircraft.  Internal  locations  were  selected  to 
provide  maximum  information  regarding  noise  at  pilot  and  passenger 
locations.  External  locations  were  selected  from  Test  1  data  at  the 
azimuth  of  maximum  overall  noise. 

The  finest  filter  (2  cps  Bandwidth)  was  selected  in  order  to  preclude 
masking  of  sources  generating  frequencies  close  to  each  other. 

This  collection  of  data  is  considered  to  be  essentially  an  inventory 
from  which  more  detailed  analyses  may  be  made  without  recourse  to 
field  measurements,  and  much  of  it  will  be  utilized  in  the  latter 
tasks  of  this  project. 
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ESTABLISHMENT  OF  ACOUSTICAL  CRITERIA 


I.  INTRODUCTION 

This  section  covers  Task  II  and  deals  primarily  with  the  subjective 
response  of  pilots  to  aircraft  noise  and  the  correlation  of  these 
t esponses  with  measured  data. 

It  has  been  well  established,  by  several  investigators,  that  human 
hearing  is  frequency  sensitive,  i.e.  equal  sound  pressure  levels  do 
not  sound  equally  loud  at  all  frequencies.  The  work  of  Fletcher  and 
Munson  (Kef.  2,  Pg .  399)  is  generally  accepted  as  one  of  the  more 
fundamental  in  this  area.  It  is  thus  obvious  that  suitable  consider¬ 
ation  of  frequency,  as  well  as  absolute  level  is  required  since 
human  reaction  to  noise  is  a  subjective  response  and  criteria  based 
on  measurements  or  medical  limitations  alone  will  not  necessarily 
result  in  pilot  satisfaction. 

The  approach  taken  in  this  study  was  to  go  10  Army  pilots  themselves, 
by  means  of  an  opinion  surve' , to  correlate  their  responses  with 
flight  data,  and  thu«  arrive  at  a  preliminary  specification  limit 
vhich  represents  an  envelope  of  sound  pressure  levels  (at  various 
frequencies)  which  the  pilots  are  willing  to  tolerate.  This  prelim¬ 
inary  specification  is  then  reviewed  in  the  light  of  known  medical 
and  psychological  limits  to  ensure  that  the  ltmits  set  by  the  pilots 
themselves  are  not  injurious. 

In  order  to  assure  that  a  specification  which  satisfies  the  above 
rcouirements  is  realistic  with  respect  to  the  penalties  which  its 
application  might  impose,  sample  calculations  will  be  made  of  the 
acoustical  treatments  which  will  be  required.  Finally,  estimates 
of  the  ccncommitant  weight  and  performance  penalties  will  be  made. 

II.  PILOT  OPINION  SURVEY 
Survey  Design 

The  fundamental  concept  of  the  pilot  opinion  survey  was  to  extract 
from  the  men  who  operate  the  aircraft  their  opinions  regarding  the 
noise  environment  to  which  they  are  exposed,  and  in  what  manner,  if 
any,  noise  adversely  affects  their  performance.  A  second  objective 
was  to  ascertain  the  upper  limits  which  'an  be  tolerated. 

Since  i  he  Task  I  work  included  measurements  made  at  pilot's  ear  level, 
correlation  between  comr.ent  obtained  on  the  actual  aircraft  tested 
and  the  recorded  daca  can  be  used  as  the  basis  for  transforming 
abstract  opinion  into  numbers. 
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Survey  design  and  wording  is,  in  itself,  a  technical  specialty.  Many 
instances  of  invalid  conclusions  have  resulted  from  improper  wording 
and/or  a  format  which  tends  to  lead  responses  into  a  given  pattern. 

Tn  order  to  ensure  compliance  with  the  latest  thinking  in  public 
opinion  sampling,  an  expert  in  this  field,  Dr.  Roy  Hackman,  Professor 
of  Psychotogy,  Temple  University,  Philadelphia,  Pennsylvania,  was 
retained  in  an  advisory  capacity  throughout  the  phase  of  work  dealing 
with  survey  design  and  evaluation.  Dr.  Karl  Kryter  and  Mr.  Laymon 
Miller  of  the  acoustical  consulting  firm  Bolt,  Beranek,  and  Newman 
also  consulted  on  question  content. 

The  survey  itself,  which  is  reproduced  in  its  entirety  in  Appendix  IV 
was  forwarded  to  TkECOh,  and  from  there  to  249  pilots  in  14  units. 
(See  Appendix  V.) 

Resul ts 

Upon  receipt  of  the  completed  surveys  each  question  was  tabulated  by 
dividing  the  response  scale  into  ten  equal  parts,  by  means  of  an 
overlay  as  indicated  by  the  dotted  lines  shown  in  Appendix  IV.  The 
responses,  along  with  information  regarding  the  respondents  base  and 
flight  experience  were  tnen  punched  in  IBM  cards.  A  cross  tabulation 
of  response  rating  again, it  aircraft  was  then  made  for  eacu  question 
and  the  mean  rating  determined.  The  rating  distributions  are  shown 
in  Figs.  136- lc.':  with  Lhe  location  of  the  mean  indicated  by  a  dotted 
bar.  These  are  also  indicated  by  the  locations  of  the  check  marks  on 
the  sample  survey  of  Appendix  IV. 

The  questions  used  in  the  survey  follow  with  a  bri. f  explanation  of 

each 


Question  1.  Hearing  Loss  and  Discomfort 

"Do  noise  levels  in  the  following  aircraft  cause  you  any  tempor¬ 
ary  hearing  loss,  discomfort,  or  pain  during  or  after  flight?" 

This  question  which  is  intcrded  to  probe  such  problems  as  temporary 
hearing  loss  and  similar  sensations  which  are  often  reported  in  terms 
uf  hearing  the  noise  tor  hours  (or  in  some  cases  days)  after  the 
flight  From  Fig.  136  it  can  be  seen  that  only  the  large  helicopters 
such  as  the  H - 2 1 ,  H-34,  end  H-37  evoke  any  comment  irdicatlve  of 
difficulty 

Question  2  Speech  Interference 

"Do  you  encounter  difficulty  lu  conversing  with  other  occupants 
without  the  use  of  intercommunication  equipment?" 

In  general, pilots  wee  mere  critical  of  this  factor  than  of  any  other 
specific  manifestation  of  noise  on  which  they  ware  questioned.  Only 


-13- 


the  L-2J  and  HU-1.*  (Fig.  137)  were  actually  classified  in  the  no 
problem  area.  Comparison  with  Fig.  136  shows  that  although  the 
relative  rankings  with  regard  to  both  Questions  1  and  2  are  similar, 
the  range  is  greatly  extended. 

Comparison  with  measured  data  and  calculated  speech  interference 
levels  will  be  found  in  Section  1”. 

Question  3,  Radio  Communication 

'Do  you  encounter  any  difficulty  communicating  via  either  radio 
or  intercommunication  equipment?" 

evidently  radio  communication  is  not  a  factor  to  be  considered  in 
evaluating  aircraft  noise  problems.  Several  write-'  comments, 
however,  did  criticize  specific  radio  equipment  as  being  technically 
i  .iferioi  and  therefore  harder  Lo  understand. 

Question  t.  .  Judgment 

"Does  the  noise,  in  the  following  aircraft,  make  it  more 
difficult  for  you  Lo  make  decisions  as  quickly  and  accurately 
as  usual?" 

This  is  a  rather  delicate  question  no  matter  how  carefully  phrased, 
and  it  might  be  assumed  that  a  reluctance  to  admit  difficulty  in 
making  judgments  would  affect  the  answers.  Research  which  has  been 
done  in  this  area,  however,  generally  tends  to  substantiate  pilot 
statements.  In  Reference  3,  Chapter  10,  broadbent  reports  that 
choice  and  judgment  tests  run  at  90  db  and  115  db  noise  fields 
showed  no  difference  and  chat  performance  of  intellectual  tasks  was, 
if  anything,  slightly  faster  in  high  noise  fields. 

Que stion  5.  Coordination 

"Does  the  noise,  in  t he  following  aircraft,  make  coordination 
and  actual  flying  more  difficult  for  you?1 

This  question  and  .c  expected  responses  are  in  many  ways  analogous 
to  those  of  Question  4.  Once  again,  however,  experimental  data 
supports  the  pilots  comments.  Reference  3,  Chapter  10,  also  reports 
no  etlects  on  reaction  time,  body  sway  and  similar  responses  in 
tests  of  simulated  aircraft  noise  up  to  115  db. 

Question  6.  Fatiiruc 

"Does  the  noise  in  the  aircraft  make  you  feel  tired?" 

When  discussing  che  manifestations  of  noise  with  pilots  they  often 
refer  to  feftgue.  Actually  it  Is  virtually  impossible  to  separate 
the  inJc^enoent  effects  of  noise,  vibration,  and  flying  qualities. 
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From  the  responses  co  this  question  it  is  evident  that  while  the 
i arger  helicopters  are  more  tiring  to  fly  there  are  no  strong  con¬ 
clusions  which  may  be  drawn 

Question  ?.  Noise 

"Rate  the  following  aircraft  with  regard  to  your  opinion  of 
its  general  noise  environment ■  " 

. l  b  ouupc- tc  ' ,  this  i~  the  fundament's!  question  of  the  entire 

survey.  The  opinions  were  well  spread  and,  as  will  be  discussed 
in  Section  IV,  form  the  basis  for  toe  actual  specification  determin- 
at ion . 


Question  8.  Vibration 


"Rate  the  following  .urcratt  with  regard  to  your  opinion  of 
physical  vibration  ' 

Since  noise  and  physical  vibration  often  produce  similar  reactions 
che  information  gained  from  this  question  will  be  used  to  separate 
the  factors  and  thus  preclude  possible  errors  in  Judging  the  effect 
of  noise  alone  on  pilot  comment. 

Pilot  Experience 

In  evaluating  survey  responses  two  factors  which  might  color  the 
pilot  comments  were  investigated.  Firstly,  the  answers  from  each 
base  were  evaluated  against  those  of  the  composite  group.  Any 
bases  with  significantly  poorer  ratings  than  the  others  would  have 
been  discounted  as  an  assumption  of  either  a  morale  or  equipment 
problem.  Actually  no  such  deviation*  were  required  and  all  bases 
were  included. 

Secondly,  consideration  wa9  p.l'cn  to  pilot  experience  and  its  effect 
on  validity  of  comment.  Provision  was  made  in  the  program  for  in¬ 
clusion  of  expet  Luikv  weighting  '.tutors.  To  investigate  thi*  para¬ 
meter  pilot  flight  experience  as  presented  in  Fig.  144  was  examined. 
Based  on  total  experience,  the  mean  experience  (X)  was  found  to  be  360 
hours  and  the  standard  deviation  (0*)  547  houre.  The  group  was  then 
divided  into  three  experience  groups: 


Average 
Inexper 1 enced 
Experienced 


-  X 

+ 

1/2  O' 

<  X 

- 

1/2  o r 

>  X 

+ 

1/2  er 

-1 


900,  and  C 


600,  the  groups 


Hounding  these  numbers  off  to  X  = 
would  divide: 


Average  =  600  -  1200  hours 

Inexperienced  600  hours 

Experienced  1200  hours 

As  illustrated  in  Fig.  145,  Question  7  was  examined  for  responses 
to  two  aircraft  (L-23  and  H-21)  and  one  aircraft  (H~21)  was  examined 
for  two  questions  (1  and  7)  by  experience  group  response.  Examin¬ 
ation  of  Fig.  145  leads  to  no  consistent  conclusion  regarding  the 
type  of  answer  which  may  be  expected  ftom  a  given  group,  hence  all 
answers  were  given  equal  weight. 

Subjective  Evaluation  of  Responses 

It  is  perhaps  obvious  Lhat  if  one  were  able  to  ask  precisely  the 
right  question  of  the  right  group,  only  one  question  would  be  re¬ 
quired  and  the  sample  could  be  quite  small.  Unfortunately  one  can 
have  no  assurance  prior  to  the  survey  itself,  exactly  which  questions 
will  prove  most  valuable.  therefore,  it  is  necessary  to  ask  several 
questions  and  ihen  edit  them  on  the  basis  of  usefulness  of  response. 

fht  prinatv  objective  of  the  survey  was  to  determine  the  limit  of 
pilot  acceptability  with  regard  to  aircraft  noise.  In  order  to 
ascertain  this,  it  is  necessary  to  establish  where  the  subjective 
center  of  the  rating  scale  (i.e.  the  division  between  acceptable 
and  unacceptable)  lies. 

To  establish  such  i*mits  one  can  use  only  those  questions  which  show 
a  great  enough  diversity  of  response  to  show  both  favorable  and  un¬ 
favorable  pilot  comment  for  at  least  some  of  the  aircraft  tested. 
Taking  those  aircraft  with  distributed  responses,  and  summing  the 
response  distributions,  will  yield  a  composite  distribution  curve  of 
responses  to  that  questicr  which  resulted  in  diverse  pilot  comment. 
The  mean  value  of  this  new  curve  would  then  be  the  subjective  center 
of  pilot  opinion  for  that  question,  or  the  division  point  between 
acceptability  and  unacceptabi lity .  Distributions  of  this  type  are  to 
be  found  in  responses  to  Questions  2,  6  and  7.  As  will  be  shown  in 
Section  III  ,  Questions  2  and  6  evoked  less  critical  and  significant 
answers  than  did  Question  7  and  only  the  latter  will  be  discussed 
here . 

Examining  Fig.  142  it  Is  evident  that  reasonably  normal  distributions 
were  obtained  for  the  L-20,  L-23,  U-lA,  H-13,  and  H-23  with  good 
division  and  distribution  of  responses.  Thus  the  limit  of  accept¬ 
ability,  or  criteria,  is  to  be  established  from  these  five  of  the 
seventy-two  ratings  given. 
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Sjinming  the  responses  of  the  above  mentioned  five  aircraft  at  each 
rating  and  establishing  a  nev  mean,  based  on  the  summed  data,  estab¬ 
lished  the  value  5.8  as  the  subjective  center  cr  limit  of  acceptability. 
That  is,  all  aircraft  with  ratings  lower  than  5.8  are  assumed  unaccept¬ 
able  arid  all  those  rating  higher  than  5.8  are  assumed  acceptable  to 
the  majority  of  Army  pilots. 

Ill  CORRELATION  WITH  MEASURED  DATA 

Development  of  Specification 

it  now  remains  to  take  this  acceptability  limit  of  5.8,  and,  utilizing 
data  which  was  measured  at  pilot  ear  level  in  the  same  aircraft  for 
which  the  limit  was  established,  convert  these  opinions  into  measur¬ 
able  acoustical  data.  As  previously  mentioned,  the  human  being  is 
quite  frequency  sensitive  and  his  evaluation  of  a  given  noise  environ¬ 
ment  will  not  be  reflected  by  sound  pressure  level  alcne.  This  has 
long  been  recognized  •»nd  several  subjective  ratings  have  been  estab¬ 
lished.  One  of  the  fundamental  ones  is  the  expression  of  Loudness  Level 
as  defined  by  S.  S.  Stevens  in  Reference  4.  In  order  to  assure  the 
best  possible  statistical  correlation  between  pilot  rating  and  measured 
data,  the  S.P.L.  in  each  octave  band  was  converted  to  loudness  in  sones 
ar.d  then  plotted  for  each  octave  band,  the  point  having  been  defined 
by  the  coordinates  of  mean  pilot  rating  (abcissa)  and  loudness  level 
in  the  octave  band  (ordinate).  The  best  straight  line  is  then  fit 
to  the  data  by  the  method  of  least  squares  (Reference  5).  By  entering 
the  resulting  chart  at  the  limiting  rating  of  5.8  one  can  read  our 
the  corresponding  limiting  loudness  levels  (Figs.  146  through  149). 

This  is  then  converted  back  to  sound  pressure  level  in  db  to  establish 
the  final  criteria. 

It  should  be  pointed  out  chat  the  same  procedure  could  have  been 
applied  directly  tc  sound  pressure  level  end  would  have  yielded  the 
same  results.  The  reason  for  using  the  subjective  rating  was  to 
preserve  physical  sense  in  the  numbers  as  related  co  physical  response. 
Fig.  150  presents  the  envelope  of  pilot  acceptance  in  teims  of  both 
sound  pressure  level  (db)  and  loudness  (sones).  In  order  to  permit 
direct  application  to  measured  data  only  the  db  scale  will  be  utilized. 

Application  of  similar  methods  to  Questions  2  and  6  would  have  resulted 
in  the  criteria  shown  in  Fig.  151,  thus  confirming  the  earlier  state¬ 
ment  chat  Question  7  yields  the  most  critical  specification. 

Significance  of  Response 

Responses  to  all  questions  are  ranked  in  order  of  pilot  preference, 
and  the  measured  data  ranked  in  order  of  acceptability.  A  feeling 
for  the  correlation  between  pilot  opinion  and  measured  dsta  can  then 
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be  gained  by  the  application  of  Spearmans  rank  correlation 
coefficient,  Reference  6,  Page  685. 


1  -  6  Z 

N(N2-1) 

correlation  coefficient 

difference  in  rank  between  paired 
items  in  the  two  series 


h 


number  of  ranked  groups 


It  can  easily  be  seen  that  if,  for  example,  the  ranking  bv  pilot 
and  data  were  exactly  the  same  for  all  aircraft,  that  Sd2  would 
be  zero  and  p  ■  1  or,  in  other  words,  perfect  correlation  would 

be  obtained.  Generally  a  /O  greater  than  0.75  is  quite  significant 
and  one  larger  than  0.90  indicates  extremely  strong  corvcl ion. 


Fig.  152  presents  the  Spearman  rank  correlation  coefficient  obtain¬ 
ed  in  each  octave  band.  Note  the  extremely  high  correlation 
between  pilot  comment  ana  the  sound  pressure  levels  in  the  highest 
three  bands.  This  indicates  that  the  pilot  comment  is  based 
entirely  on  the  high  frequency  roise  content,  as  is  even  more 
strongly  evidenced  by  the  very  poor  correlation  in  the  lower  octave 
bands  which  are  evidently  playing  no  role  in  the  evaluation. 


Correlation  between  Fatigue,  Noise,  and  Vibration 

The  rank  difference  correlation  coefficient  car.  alro  be  used  to 
evaluate  the  significance  of  relative  ratings  obtained  from  responses 
to  different  questions  as  well  as  for  correlating  subjective  corre¬ 
lations  with  data.  This  technique  is  especially  valuable  in  eval¬ 
uating  the  response  to  Question  6  regarding  fatigue. 

In  discussing  aircraft  noise  problems  one  often  hears  the  statement 
that  noise  is  extremely  fatiguing.  Although  this  statement  la 
undeniably  true  it  mvsst  be  recognized  th.it  physical  vibration,  as 
well  as  other  factors, also  directly  affect  fatigue.  Indeed  there 
1 8  added  confusion  regarding  the  ability  to  seoareie  the  effects  of 
airborne  sound  with  that  caused  by  physical  vibration  of  the  ear 
mechanism.  An  Interesting  insight,  it  not  clarification,  of  this 
problem  is  afforded  by  determining  the  correlation  coefficients  for 
relative  rankings  of  Question  6  (fatigue)  with  the  ranking*  of 
Question  7  (noise)  and  Question  8  (vibration).  In  both  cases  p  m 
.934.  This  indicates  that  either  the  pilots  are  unable  to  distin¬ 
guish  between  noise  and  vibration  aa  primary  in  inducing  fatigue, 
or  that  the  vibration  levels  and  noise  levels  of  the  different 
aircraft  have  perfect  ccrrelation  with  respect  to  each  other.  Vib¬ 
ration  measurement  was  not  within  the  scope  of  this  program  and 
thus  no  definite  conclusion  can  be  reached  except  the  obvious 
one  that  is  is  not  possible  to  directly  attribute  pilot  fatigue 
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problems  to  ambient  noise,  Further  research  in  this  area  which  could 
dc  carried  out  utilizing  the  results  of  this  program  in  conjunction 
with  recorded  vibration  date  would  prove  most  beneficial  in  resolving 
this  question. 

IV  CORRELATION  WITH  EXISTING  STANDARDS 
Correlation  with  MIL-A-8806 

Military  Specification  MIL-A-8806  (ASG) ,  25  October  1956,  entitled 
'A.oustical  Noise  Level  in  Aircraft,  General  Specification  for1' 
p  ovides  internal  sound  pressure  limits  which  are  generally  invoked 
in  detail  aircraft  specification  negotiations  by  the  military  services 
One  ot  the  purposes  01  this  study  is  to  examine  the  applicability 
of  the  specification  to  tile  specific  types  of  aircraft  and  missions 
being  fiown  by  the  U.  S.  Army.  Perhaps  the  greatest  operational 
change  since  the  adopLion  of  this  specification  is  the  ever  increas- 
’■  ng  use  of  rotary  wing  aircraft,  which  provide  a  noise  environment, 
and  require  pilot  perfoimance  of  a  nature  which  probably  did  not 
merit,  full  consideration  in  the  jast. 

MIL-A-8806  specifies  maximum  noi*e  level  envelopes  for  four  different 
flight  conditions: 

Table  1  -  Maximum  continuous  power 

Table  il  -  Short  duration  conditions 

Table  III  -  Maximum  continuous  power  with 
prot-?c  “  i 1  i  h  imets 

Table  IV  -  Normal  cruise  power 

The  results  of  this  study  are  moat  directly  comparable  with  the 
specification  of  Table  IV  since  the  pilot  opinions  are  based  on  their 
integrated  flight  experience  which  would  be  predominately  cruise. 

Fig.  153  shuws  the  comparison  between  the  results  ct  the  subject 
study  and  the  limits  prescribed  in  Table  IV  of  MIL-A-8806.  It 
readily  shows  that  the  Army  pilots  require  additional  relief  at  the 
higher  frequencies  chan  is  aifortieJ  by  the  currently  applicable 
specification.  It  would  also  appear  that  the  pilots  indicate  that 
aircraft  which  in  the  lower  frequency  bands  are  even  rn  excels  of 
those  currently  permitted  could  b2  completely  acceptable  to  them. 
Whether  they  should,  in  fact,  be  permitted  to  subject  themselves  to 
such  pressure  levels  will  be  discussed  in  the  following  sections. 

Dividing  the  aircraft  into  two  groups  acceptable  and  unacceptable  as 
defined  by  the  borderline  rating  of  5.8  and  comparing  the  spectra 
scatter-bands  with:  1)  the  existing  specification  and  2)  the  pro¬ 
posed  revision  as  shown  in  Fig.  15A  clearly  shows,  once  again,  that 


indeed  it  is  only  the  higher  frequency  components  which  display  clearly 
defined  dirfeLences.  Kote  the  area  of  unsatisfactory  aircraft  which 
are  currently  acceptable  by  specification  but  would  require  additional 
soundproofing  to  satisfy  the  revised  requirement. 

It  is  interesting  to  note  that  most  of  the  aircraft  tested  did  not 
even  meet  the  currently  applicable  H1L-A-8806.  While  it  is  probably 
true  that  some  of  them  were  not  procured  to  this  specification  it  is 
suspected  that  in  normal  military  usage  the  sound  reducing  treatments 
and  installations  deteriorate  rapidly  and,  since  relatively  small  noise 
leaks  can  greatly  reduce  the  erf ect iveness  of  any  treatment,  the  pilot 
in  the  field  is  generally  not  being  afforded  the  environment  which 
exists  at  the  time  the  aircraft  is  delivered. 

It  can  also  be  seen  that  none  of  the  helicopters  are  able  to  meet  the 
low  frequency  requirements  of  104  db  in  the  first  threp  octave  bands. 
This  is  due  to  the  high  pressure  levels  generated  as  rotational  and 
vortex  noise  from  the  lifting  rotors.  Apparently  at  the  present  stage 
it  is  necessaiy  to  grant  deviations  from  this  specified  limit  for 
rotary  wing  aircraft. 

Correlation  with  Medical  Limits 

Much  work  has  been  done  by  many  researchers  to  establish  the  effect  of 
noise  on  hearing  impairment.  A  great  part  of  this  has  been  with  regard 
to  industrial  noise  and  its  effect  upon  workers.  Recent  interpreta¬ 
tions  of  liability  under  workmens'  compensation  laws  makes  it  mandatory 
that  each  operation  be  evaluated  in  the  light  of  its  noise  environment 
and  -ated  against  potential  for  producing  hearing  difficulties.  Wher¬ 
ever  environments  are  found  which  exceed  safe  limits  these  situations 
must  be  remedied  or  else  protective  devices  such  as  ear  plugs,  sound 
attenuating  headsets,  and  the  iike  must  be  employed.  References  7 
through  12  report  some  of  the  work  which  has  been  csrried  out  in  this 
field. 

The  military  too  have  had  their  noise  problems  and  have  also  conducted 
research  in  this  area.  in  order  to  establish  the  view  of  the  U.  S. 

Army  on  this  matter  a  meeting  has  held  wich  Major  James  Allbrite, 
Director,  Mi.  R.  Edwin  Shutts,  Assistant  Director  and  Mr.  David  M. 
Resnick,  Supervisor  Bioacoustics  Section,  Army  Audiology  and  Speech 
Center,  Walter  Reed  Army  Hospital,  Washington,  D.  C. 

It  was  decided  that  the  establishment  of  a  criteria  would  l.sve  to  be 
based  on  the  following  assumptions: 

1.  Average  daily  flying  time  Is  4  hours. 

2.  No  helmets  or  headsets  are  worn. 

3.  No  allowance  is  made  for  extremely  susceptible  individuals 
with  regsrd  to  noise  Induced  hearing  lots. 
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S.ised  on  these  assumptions  it  was  recommended  that  noise  levels  above 
300  cds  should  nor  exceed  95  db  re  0.0002  dynes/cm^.  With  regard  to 
noise  ie  'els  in  the  lower  thi.ee  octave  bands  no  absolute  recommenda¬ 
tion  was  given.  It  is  noted,  however,  that  the  higher  frequency  limit 
coincides  with  that  of  Fig.  18.6,  Reference  10 

It  further  appears  that  loss  of  hearing  of  Army  pilots  who  are  flying 
aircraft  which  comply  with  MIL-a-8806  have  constituted  no  real  problem 
and  that  the  existing  specification  itself  represents  at  least  a 
satisfactory  although  perhaps  slightly  conservative  upper  limit. 

Correlation  with  Other  Acoustical  Criteria 

It  is  perhaps  obvious  that  if  one  were  able  to  <_ome  up  with  a  tingle 
number  which  would  express  the  loudness,  or  noisiness,  or  annoyance  of 
a  given  noise  in  a  single  number,  this  number  would  then  become  a  very 
convenient  method  of  expressing  a  specification. 

There  have  been  several  attempts  made  to  arrive  at  such  indexes  ar.d 
it  is  necessary  to  investigate  their  applicability  to  the  problem  in 
order  to  determine  what  form  the  final  proposed  specification  should 
Lake . 

This  can  best  be  done  by  determining  the  ranked  correlation  coefficient 
between  pilot  rating  and  each  of  the  evaluation  methods. 

The  following  ratings  were  investigated: 

1.  Overall  noise  level  in  decibels 

2  Speech  interference  level  (defined  as  the  arithmetic  average 
o£  the  sound  pressure  levels  in  the  600-1200,  1200-2400, 
and  2400-4800  cps  octave  bands,  Reference  2). 

3-  Loudness  level  in  phons  (Reference  4). 

4.  Perceived  noise  level  in  PNdb  (Reference  ’.3). 

For  Question  7  responses  these  compare  with  the  sound  pressure  levels 
in  the  top  three  bands  by  themselves  as  shown  in  Fig.  155. 

Obviously  then,  a  simple  octave  by  octave  criteria  in  the  high  fre¬ 
quencies  better  supports  the  pilot  opinions  than  do  any  of  the  connon 
rating  systems,  and  therefore  an  octave  band  envelope  as  currently 
used  in  MIL-A-8806  is  recommended  as  the  best  form  for  future  noise 
level  specifications. 

One  of  the  problems  encountered  in  applying  the  above  ratings  is  the 
presence  of  ■'iscrete  frequency  or  pure  tone  components  such  as  may 
be  generated  by  highly  loaded  gearing,  gas  turbines,  and  the  like. 

These  are  often  difficult  to  define  in  terms  of  analytical  numbers 


even  when  narrow  band  spectra  (Figs.  105  through  135)  are  available. 
Many  researchers  beliave,  however,  that  the  tolerance  to  such  pure 
tones  is  about  10  db  less  than  for  that  of  a  multif i equency  noise. 

The  aircraft  rated  were  reviewed  in  light  of  Figs.  105  through  135  as 
well  as  known  primary  gear  frequencies,  compressor  frequencies,  etc. 
and  10  db  was  added  to  any  octave  band  believed  to  have  its  level 
determined  by  a  single  frequency  and  the  correlation  with  loudness 
level  and  PNdb  recalculated .  Loudness  level  p  increased  from  -.26 
to  +.18  and  PNdb  from  -.13  to  +.67  (Fig.  155).  It  should  be  stated 
that  the  authors  of  Reference  13  make  no  claim  of  applicability  of 
then  LaLiug  to  anything  other  than  external  aircraft  noise,  however, 
with  proper  adjustment  this  rating  method  appears  more  applicable 
than  loudness  level. 

Loudness  level  was  originally  determined  on  the  basis  of  apparent 
loudness  of  different  frequencies  while  perceived  noise  level  was 
determined  on  the  basis  of  noisiness  or  annoyance.  This  difference, 
although  subtle,  is  evidently  quite  important  in  evaluating  pilot 
reaction. 

It  remains  obvious,  however,  that  at  the  present  time  no  single 
rating  number  system  exists  which  will  correlate  as  well  as  the  sound 
pressure  levels  in  those  octave  bands  which  are  determining  the  pilot 
comment . 

Proposed  Specification 

Fig.  156  chows:  1)  the  limits  imposed  by  MIL-A-8806  Table  IV,  2) 
the  medical  limitations  acceptable  to  the  Army  Medical  Staff,  and  3) 
the  environment  which  the  pilots  have  indicated  they  should  have.  If 
MIL-A-8806  is  also  accepted  as  a  low  frequency  medical  limit  then  it 
appears  that  at  frequencies  below  600  cps  the  pilots  will  permit 
higher  sound  pressure  lavels  than  are  safe  and  the  cxijting  specifica¬ 
tion  should  be  invoked. 

Above  2400  cps,  however,  the  Army  pilots  feel  that  they  require 
about  7  db  lower  noise  field  than  is  currently  afforded. 

It  io  therefore  proposed  that  the  limits  presented  in  Fig.  i57  be 
invoked  in  procurement  of  future  aircraft  intended  for  use  by  the 
United  States  Army. 
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V.  APPLICATION  TO  AIRCRAFT  INTERIORS 


Design  Principles 

To  insure  that  the  specification  proposed  in  Section  IV-D  is  realistic 
in  that  it  will  not  impose  unreasonable  weight  penalties,  approximate 
sound  reducing  treatments  will  be  developed  for  the  following  represent¬ 
ative  group  of  Army  aircraft: 


Power  Plant _ 


c  i  .  T 

Name 

C.W.  (’b_. 

>  Number 

Type 

Rotor (s) 

H-21 

Shawnee 

13,900 

1 

Reciprocating 

Tandem 

H-23 

Raven 

2,700 

1 

Reciprocating 

Single 

H-3? 

Mojave 

30,842 

2 

Reciprocating 

Single 

HU- 1 A 

Iroquois 

5,383 

i 

Turbine 

Single 

YHC-1A 

15,750 

2 

Turbine 

Tandem 

1i>  any  calculation  of  the  soundproofing  for  an 

aircraft  cabin 

it  becomes 

essential  to  maintain  the  weight 

of  material  tc 

i  an  absolute  minimum  in 

order  that 

the  design  mission  of 

that  aircraft 

be  efficiently 

accomp- 

lished.  Of 

necesritv  this  weight 

must  be  consumed  either  directly  in 

payload,  or 

indirectly , 

in  the  mi 

ssior.  range. 

In  order  to  achieve  an  optimum  design,  much  information  is  required. 

First,  there  is  no  substitute  for  a  complete  acoustic  evaluation  of 
the  untreated  aircraft.  Such  a  study  should  include  sound  pressure 
levels  recorded  inside  arid  outside  the  fuselage,  skin  vibration  studies, 
and  application  of  other  special  techniques  such  as  the  construction  of 
compartments  within  the  aircraft  to  aid  the  study  of  airborne  sound. 

There  must  be  available  completely  detailed  information  regarding  such 
items  as  fuselage  construction,  equipment,  ducting  installstions  and 
power  plant  mounting,  etc.  Detailed  studies  of  this  type  are  extremely 
costly  and  cime  consuming,  and  are  beyond  the  scope  of  this  effort. 

It  is  possible,  however,  to  arrive  at  a  reasonably  accurate  estimate  cf 
the  general  nature,  and  therefore  weight,  of  a  treatment  which  will 
achieve  the  desired  objectives  using  only  data  which  was  obtained  during 
Task  1  measurements. 

Structural  changes  to  the  aircraft  will  not  be  considered  as  part  of  the 
design  objective,  Vfhere  acoustical  materials  presently  exist  and  where 
further  noise  reduction  is  necessary,  recommendations  will  ba  made  for 
additional  sound  proofing  material  to  be  added;  and,  where  blankets  do 
c't  exist  at  all,  suitable  treatments  will  be  designed.  However,  before 
de:trmining  the  noise  reduction  required  in  each  aircraft,  it  is  necessary 
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to  first  define  those  terms  used  in  the  calculations.  In  addition, 
some  discussron  of  the  acoustical  blankets  and  their  properties  is 
ncc  cg s  ary * 

N'"se  reduction,  or  the  actual  sound  pressure  level  attenuation 
achieved  by  introducing  a  barrier  in  a  noise  path,  is  less  than  that 
,  ich  would  be  predicted  by  transmission  loss  alone  and  is  generally 
wr  x  tt  en: 

hit  =  TL0  t  Cn  +  Ca 

.mere  iw  -  Noise  Reduction 

TL0  =  Reference  transmission  loss 

Cn  =  Correction  for  type  of  receiving  space 
(always  negative) 

Ca  -  Correction  fer  ambient  conditions  (positive 
or  negative) 

A  more  thorough  discussion  of  this  concept  nay  be  found  on  Page  78  of 
Reference  14.  In  the  case  of  the  types  of  aircraft  included  in  this 
study,  Ci  is  generally  very  small  due  to  relatively  limited  temperature 
and  altitude  extremes,  and  will  be  discounted. 


l'ransmi ssion  loss  may  be  described  as  the  difference  in  sound  power 
level  measured  at  each  side  of  the  wall  shown  in  Fig  158.  The  wall 
is  assumed  to  extend  sufficiently  so  that  all  pressure  waves  radiating 
from  the  source,  S,  must  pass  through  the  barrier  B-B  in  order  to 
reach  Receiver,  11.  In  addition,  no  wave  reflections  are  allowed  to 
return  to  the  receiver,  and  this  restriction  is  usually  achieved  only 
in  free  space  or  in  a  specially  designed  nonreverberant  (anechoic) 
chamber.  The  sound  intensity  measured  in  a  chamber  which  is  reverber¬ 
ant  will  be  somewhat  higher  than  this  and  the  noise  reduction  will  not 
equal  the  transmission  loss  but  will  be  resultingly  lover  by  an  amount, 


NR-TLo  =  Cn 


Cn  is  a  correction  which  is  a  function  of,  among  other  things,  the 
receiving  space  size,  stiffness,  and  absorption,  and  is  always  negative, 
hat  Is,  if  the  receiving  space  characteristics  are  not  anechoic,  the 
noise  reduction  achieved  will  be  less  than  the  transmission  loss 
through  the  panel  itself. 


Transmission  loss  is  achieved  either  by  addition  of  mass  or  by  use  of 
certain  materials  which  have  other  means  of  attenuating  acoustical 
energy,  generally  by  friction.  The  most  common  material  used  in 
aircraft  is  Fiberglet,  and  all  designs  in  this  study  will  be  based  on 
Type  PF-105  which  is  a  grade  commonly  used  in  military  and  commercial 
aircraft.  Transmission  loss  for  this  material  is  shown  in  Fig.  159. 
Since  Flberglas  is  effective  only  at  the  higher  frequencies  it  is 
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generally  necessary  to  add  mass  to  the  treatment  in  order  to  satisfy 
lower  frequency  requirements,  in  addition  to  reducing  the  noise  com¬ 
ing  through,  the  side  wall  it  is  necessary  to  reduce  the  reverberation, 
or  echo,  by  use  of  an  absorptive  calin  lining.  It  is  often  possible 
to  do  this  by  utilizing  the  same  blanketing  employed  for  building  up 
the  transmission  loss.  This  is  achieved  by  construction  of  a  blanket 
consisting  of  an  impervious  septum  of  sorr.a  material  such  as  vinyl 
film,  and  a  Fiberglas  blanket  covered  with  a  suitable  porous  trim. 

In  casco  where  very  large  attenuation  is  required  the  impervious  sep¬ 
tum  may  actual. (y  be  an  aluminum  sheet  and  a  double  wall  Fiberglas 
filled  construction  employed.  In  such  cases,  it  is  necessary  to  add 
an  additional  absorptive  lining,  but  whenever  possible,  absorption  Is 
provided  by  the  same  blanketing  employed  for  transmission  loss. 

An  optimum  transmission  loss -weight  combination  should  be  used  for  an 
efficient  design,  and  to  insure  proper  selection  of  the  blanket  it  is 
valuable  to  plot  T.L.  as  a  function  of  weight.  To  do  this,  is  is 
necessary  to  know  the  transmission  loss  which  can  be  expected  for  the 
blanket  material  considered  for  each  frequency.  Several  thicknesses 
and  therefore  several  weights  are  shown  in  Fig.  139.  In  addition 
Fig.  160  gives  the  transmission  loss  which  may  be  expected  from  the 
mass  properties  of  limp  panels  and  Fig.  13.7,  Reference  14,  those  of 
a  rigid  septum  as  a  function  of  the  surface  weight,  (g) ,  of  the  panel 
or  septum,  a3  well  as  the  frequency,  (f),  incident  upon  it.  It  is 
valuable  to  consider  several  blanket-septa  combinations  and  to  plot 
the  transmission  loss  as  a  function  of  weight.  This  is  shown  in 
Fig.  161  and  162,  each  curve  representing  individual  octave  bands  with 
like  symbols  representing  similar  septa  thickneases  and  like  shading* 
representing  similar  Fiberglas  thicknesses.  Fig.  161  predict*  the 
transmission  loss  for  a  limp-panel  blanket,  such  as  vinyl-backed,  while 
Fig.  162  is  for  a  rigid  (aluminum)  panel.  Tables  I  and  II  show  the 
detail  numbers  and  identify  the  symbols  of  Figs.  161  and  161  respec¬ 
tively.  Thus,  all  that  it  necessary  to  obtain  the  optimum  blanket- 
septum  combination  to  give  the  grsatest  noise  reduction  for  the  least 
weight  is  a  knowledge  of  the  noise  reduction  required  In  each  of  the 
octave  bands.  As  an  example,  consider  the  following  conditions: 

It  is  desired  to  achieve  a  20  db  transmission  lota  In  the  600-1200 
cps  band  through  a  cabin  sidewall  with  a  blanket-septum  combination. 
Referring  to  Fig.  161,  it  is  seen  that  for  a  20  db  transmission  loss 
the  optimum  blanket  weighs  .257  lba/ft?  and  is  represented  by  the 
symbol  ^  Referring  to  Table  1,  note  that  this  symbol  indicates 
a  combination  0.016'  vinyl  septum  with  3"  of  Fiberglas.  Also,  it 
may  be  seen  that  approximately  the  same  transmission  loss  (21  db) 
could  have  been  obtained  at  a  significantly  highar  cost  in  surface 
weight  (0.29  lbs/ft?).  Thus,  the  optimum  weight-transaiaaion  loss 
ratio  is  readily  apparent. 

Some  difficulty  may  be  encountered  in  achieving  efficient  noise  reduc¬ 
tion  in  the  low  frequency  bands  where  the  glass  fiber  material  becomes 
Ineffective  in  providing  the  required  transmission  loaa.  In  these 
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lowest  octaves  (?"  75,  75  150  and  150-300)  noise  reduction  by  mass 
properties  alone  is  the  only  practical  means  of  obtaining  the  required 
transmission  loss  Even  this  approach  leaves  much  to  be  desired  from 
a  weignt  stand-point,  and  in  order  to  realize  a  10  db  noise  reduction 
at  a  frequency  of  ziO  cps  (center  frequency  150-300  cps  octave)  a  sui  • 
face  mass  of  .547  lbs/ft2  is  required.  This,  converted  into  an  aluminum 
sheet,  represents  a  thickness  of  about  .040".  At  half  that  frequency 
(105  cps)  a  similar  noise  reduction  requires  a  surface  weight  of  1.1 
lbs/ft2  or  approximately  0.180"  thick  aluminum  sheet.  In  the  20-75  cps 
band  (39  cps)  a  10  db  reduction  require*  ?  95  iha/ft-2  nr  njn1;11  tM<-p 
sheet  aluminum.  In  many  cases  it  is  not  practical  to  consider  such 
drastic  treatments  and  at  the  present  it  appears  that  noise  reduction 
at  the  lower  frequencies  will  have  to  be  achieved  at  the  source  rather 
than  by  conventional  sound  reducing  treatments.  Until  such  reductions 
are  achieved  it  v i 1 1  often  be  necessary  to  grant  deviations  below  the 
jtl0-600  cps  band  and  such  deviations  will  be  assumed  in  some  of  the 
following  designs  rather  than  pursuing  a  completely  academic  and  im¬ 
practical  treatment . 

Design  Application 

1 .  General 

In  order  to  examine  the  sources  of  noise  in  an  aircraft  cabin  and 
isolate  those  sources  which  are  determining  factors  in  setting  noise 
levels,  it  is  necessary  to  have  a  knowledge  of  three  qualities  relet¬ 
ting  these  sources.  These  are:  (1)  frequency,  (2)  sound  pressure 
level,  and  (3)  location.  These  may  be  determined  in  part  by  plotting 
the  sound  pressure  level  for  vatiou-  '  locations  along  the  longi¬ 
tudinal  as  well  as  transverse  ,ix'  ■*.  '  .;e  fuselage.  With  this  infor¬ 
mation  it  is  possible  to  determine  which  frequency  predominates  in 
each  area  of  the  aircraft.  Furthermore,  it  is  necessary  to  identify 
these  frequencies  with  their  respective  sources,  so  that,  where  re¬ 
quired,  specific  treatments  for  soundproofing  may  be  prescribed.  This 
identification  process  is  accomplished  with  the  aid  of  the  narrow  band 
(continuous  spectrum)  anal ys Is , Figs .  105  135.  Fundamental  frequencies 
and  harmonics  for  each  suspect  noise  source  can  be  calculated  and 
identified  with  the  corresponding  frequencies  shown  on  che  narrow  band 
analysis.  These  are  presented  in  Fig.  163  through  171. 

2.  Hill 

The  sound  pressure  level  in  each  octave  band  has  been  plotted  for 
various  cabin  locations  along  the  longitudinal  axis  of  the  fuselage 
(see  Fig.  175)  in  order  to  identify  those  noise  sources  which  signif¬ 
icantly  contribute  to  the  interior  noise  level  of  the  H-21.  The 
identification  numbers  refer  to  those  presented  in  Fig.  80.  Fig.  172 
a  and  b  show  the  sound  pressure  level  variation  along  the  centerline 
ceiling,  centerline  ear  level,  centerline  floor  level,  sidewall,  and 
drive  shaft  locations. 
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It  will  be  necessary  to  design  or  improve  local  area  treatments  for  the 
forward  transmission,  the  existing  curtain  which  closes  off  the  aft  end 
of  the  cabin,  and  the  drive  shaft  guard.  It  will  then  be  possible  to 
design  a  general  treatment  for  the  cabin  sidewalls  which  will  result 
in  attaining  the  desired  specification. 

Forva rd  Transmission 


The  noise  level  associated  with  the  forward  transmission  is  presented 
in  Column  1  of  Table  III  and  was  measured  at  Position  4,  Fig,  80. 
Reference  to  Figs.  163  and  164  show  that  forward  transmission  noise 
is  predominant  in  the  600-1200  cps  band.  Since  Location  4  shows  the 
highest  levels  in  this  Dand,  measurements  at  this  location  will  be 
used  as  typical  of  the  forward  transmission. 

Since  the  forward  gear  case  is  directly  adjacent  to  the  pilot,  the 
enclosure  must  be  designed  to  attenuate  airborne  noise  to  the  specified 
level  (Column  4) . 

Column  2  of  Table  111  shows  the  weight  of  treatment  required  and 
Column  3  that  predicted  as  selected  from  the  chart  of  Fig.  162. 

In  order  to  achieve  the  high  T.L.  required,  care  must  be  taken  to 
insure  no  leakage,  since  even  a  very  small  amount  will  render  such 
treatment  relatively  ineffective.  It  ia  expected  that  a  aimilar  sur- 
face  weight  of  soundproofing  material  Will  be  required  for  the  forward 
bulkhead  area  to  insure  an  efficient  noise  seal  in  the  cockpit. 

TABLE  III 

FORWARD  TRANSMISSION 


Oc  tave 

Band 

SfL.. 

Bfl  HH8E8S 

sion  Loss 

SPL*  Treated 

Predicted 

(100X  Enel.) 

1 

2 

3 

4 

20-75 

107 

3 

- 

107 

75-150 

111 

5 

2 

109 

150-300 

108 

12 

6 

102 

300-600 

102 

11 

10 

92 

600-1200 

111 

21 

21 

90 

1200-2400 

103 

17 

29 

86 

2400-4800 

93 

15 

•♦0 

53 

4800-lOkc 

_ 

79 

26 

51 

28 

^Treatment  O  Weight  0.60  lb/ft^  -  Reference  Table  II 
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At  L  Cul Lain 


Che  noise  iecel  recorded  at.  i_ha  aft  curtain  (Fosition  19)  is  listed 
in  Column  L,  Table  IV.  The  noise  level  at  Position  18  (ear  level)  is 
similar,  if  somewhat  less  in  several  frequency  bands,  sc  that  the 
higher  level  will  design  the  suundprocf ing , 

Column  2  lists  che  T.L.  required  for  the  aesired  noise  reduction  of 
the  local  acoustical  treatment.  The  reasons  for  not  designing 
treatments  to  the  75-150  eps  band  have  previously  been  stated  and, 
therefore,  a  treatment  of  .50  lbs/ft^  has  been  used  for  the  surface 
weight  of  the  curtain 


TABLE  IV 
H-21  AFT  CURTAIN 


Octave 

Band 

SPL 

[  ' 

Transmission  Loss 

SPL* 

Treated 

SPL 

Predicted 

>  . 

Initial 

Predicted 

(1007.  Enel) 

(987.  Enel) 

1 

2 

3 

4 

5 

20-75 

10  7 

3 

- 

107 

107 

j  75-150 

111 

5 

6 

105 

105 

150-500 

107 

10 

10 

97 

97 

iOO-b0i) 

106 

10 

i6 

90 

92 

oUO-1200 

lot 

2 

24 

77 

85 

1 20U-2400 

1U 

11 

32 

81 

95 

2400-4800 

105 

13 

40 

65 

89 

4800-  lOkc 

96 

9 

50 

46 

80 

‘Treatment  O  Weight  0.60  lb/ft4-  -  Reference  Tabic  II 


The  t r ansmiss Ion  loss  provided  by  this  sutface  weight  is  shown  in 
Column  J.  This  T.L.  results  in  the  sound  pressure  level  shown  in 
Column  9  ilch  is  modified  for  assumed  leakage  in  Column  5. 

Drive  Shaft 

in  similar  msnnc.  sound  pressure  levels  recorded  at  the  drive  shaft 
(location  14)  are  shown  as  column  1  of  Table  V.  Calculations  are 
carried  out  similar  to  those  required  to  establish  the  previous 
designs 
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TABLE  V 

H-21  DRIVE  SHAFT 


Octave 

Band 

SPL 

r 

Transmi si 

lion  Loss 

SPL* 

Treated 

SPL 

Predicted 

cps 

Initial 

v  itBwim 

Predicted 

(100%  Enel) 

(98%  EiW) 

1 

2 

3 

4 

5 

20-75 

110 

6 

- 

110 

110 

75-iiO 

114 

8 

6 

108 

108 

ISO- *100 

108 

4 

10 

98 

98 

300-600 

99 

3 

16 

83 

85 

600-1200 

99 

9 

24 

75 

83 

1 400-2*00 

102 

16 

32 

70 

85 

2400-4600 

92 

17 

40 

52 

76 

4800- lOkc 

87 

12 

50 

37 

71 

^Treatment  O  Weight  0.60  1 b/ f C 2  -  Reference  Table  Ii 
Uniform  Cabin  Treatment 


Column  2,  Table  VI  shows  the  noise  reduction  required  in  the  cabin 
arer..  A  treatment  of  .180  1  b/ f 1 2  will  give  the  added  transmission 
loss  required,  which  when  corrected  for  receiving  space  effects 
(Column  .?)  will  indicate  the  SPL  shown  in  Column  4  and  5.  This 
resulting  sound  pressure  level  is  that  which  would  be  attain' d  if 
the  uniform  treatment  were  added  to  all  existing  treatments  as  well 
as  completely  covering  the  aide  walla-  An  investigation  into  the 
affects  of  the  window  area  has  shown  that,  in  all  octaves,  they 
afford  more  transmission  loss  than  the  surrounding  treatment  and 
have  no  adverse  effect  on  the  sound  pressure  level  indicated  in 
Column  5. 
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TABLE  VI 

H-21  UNIFORM  TREATMENT 


|  Or  t  SV  e 

|  Band 

SPL 

Noise  Reduction 

SPL* 

Treated 

SPL 

Predicted 

cps 

Initial 

Required 

Predicted 

(100%  Enel) 

(98%  Enel) 

1 

2 

3 

4 

5 

20-7*5 

104 

- 

104 

104 

75-1.30 

106 

2 

- 

106 

106 

150-300 

97 

3 

94 

94 

300-600 

96 

- 

6 

90 

90 

600-1200 

99 

9 

13 

86 

87 

1200-2400 

102 

16 

20 

82 

87 

2400-4800 

92 

17 

22 

70 

75 

4800- lCkc 

87 

12 

42 

45 

67 

♦Treatment  Q)  Weight  0.18  lb/ft^  -  Reference  Table  I 
TABLE  VII 

H-21  COCKPIT  TREATMENT 


Octave 

Band 

SPL 

Noise  Reduction 

SPL* 

Treated 

SPL 

Predicted 

cps 

Initial 

Predicted 

1 

2 

3 

4 

20-75 

105 

1 

- 

105 

105 

75-150 

99 

- 

- 

99 

99 

150-300 

98 

- 

- 

98 

98 

300-600 

94 

- 

- 

94 

94 

600-1200 

95 

5 

5 

90 

90 

1200-2400 

92 

6 

7 

85 

75 

2400-4800 

88 

13 

15 

73 

75 

4800-10kc 

80 

24 

56 

64 

♦Treatment  0  Weight  0.063  lb/fi^  -  Reference  Table  I 


ffl 


Measured  sound  levels  in  the  H-21  cockpit,  are  tabulated  in  Column  1 
of  Table  VII.  A  blanket  weighing  .063  Ibs/ft^  (composed  of  1" 
fiberglas  with  a  .002"  vinyl  backing)  applied  to  tha  bulkhead  directly 
behind  the  pilot  and  copilot  seats,  provides  the  noise  reduction 
shown  in  Column  3.  Noise  levels  of  the  forward  rotor  transmission 
have  been  treated  in  the  cockpit  area  as  well  as  the  cabin  by  applica¬ 
tion  of  the  soundproofing  shown  in  Table  III.  For  this  reason  it  is 
predicted  that  the  cockpit  treatment  proposed  will  reduce  the  noise 
level  to  that  of  Column  5.  Fig.  173  illustrates  the  composite  treat¬ 
ment  for  the  H-21. 

3.  H-23 


The  ■sound  treatment  of  the  H-22  di tiers  substantially  from  that  of  the 
H-21  in  that  a  large  portion  of  the  passenger  enclosure  is  constructed 
of  a  transparent  material,  for  visibility.  Obviously  any  treatment 
of  an  opaque  nature  would  void  its  primary  purpose  and  is  not  considered 
in  this  study. 

Although  increasing  the  thickness  of  the  transparent  enclosure  would 
increase  its  transmission  loss  such  treatments  would  rapidly  become 
prohibitively  heavy.  It  is  questionable  whether  such  measures  would 
prove  valuable  in  any  event  since  the  extreme  lack  of  abaorbtior.  will 
tend  to  minimise  any  benefics  derived. 

Furthermore  it  seems  to  be  general  practice  to  fly  aircraft  of  the 
H-13,  H-23  type  with  doors  removed  in  many  areas  where  weather  permits. 
Indeed  many  pilots  feel  that  for  certain  operations  requiring  extreme 
side  or  rearward  vision,  and  for  missions  such  as  carrying  external 
litters,  operation  without  doors  is  greatly  preferred.  Since  the  doors 
occupy  about  207,  of  the  enclosure  their  effect  is  substantial.  It, 
therefore,  appears  most  advisable  to  achieve  the  required  noise  reduc¬ 
tion  at  the  sources  rather  than  the  passenger  enclosure. 

Column  1  of  Table  Vlll  shows  the  noise  level  messured  at  a  typical 
cockpit  position  during  the  Task  1  measurement  program  (Figs.  84  and 
174).  The  level  is  virtually  uniform  throughout  the  entire  encloaure. 
Column  2  lists  the  attenuation  required  to  comply  with  the  proposed 
specification.  Review  of  Fig.  165  shows  that  main  and  tail  rotor 
noise  by  themselves  will  Just  about  comply  with  this  specification. 
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TABLE  VIII 
H-23  ENGINE  MUFFLER 


|  Octave 

Band 

SPL 

Attenuation 

SPL 

Initial 

Required 

Predicted 

Treated 

1 

2 

3 

— : j - 

20-75 

105 

1 

3 

102 

75-150 

10/ 

3 

10 

97 

150-300 

111 

7 

11 

100 

300-600 

H4 

8 

14 

90 

600-1200 

JG 

6 

- 

96 

1200-2400 

90 

4 

- 

90 

2400-4300 

83 

8 

- 

83 

4800- lOkc 

74 

- 

- 

74 

Below  600  cps  the  problem  is  almost  solely  engine,  and  above  600  cps, 
transmission  noise  predominates.  The  approach  then  is  to  reduce 
sound  pressure  levels  of  these  two  items  at  their  respective  sources. 

Engine  noise  can  be  most  effectively  reduced  by  means  of  a  suitable 
muffler,  probably  of  the  resonant  chamber  type.  One  such  muffler  was 
detigned  by  Northrop  Mrcratt,  Inc.  (Reference  15)  tor  their  company 
owned  and  operated  Bell  Model  47J  and  not  only  provided  very  signifi¬ 
cant  reductions  in  peak  sound  pressure  levels,  but  actually  improved 
performance  slightly  due  to  a  small  decrease  in  back  pressure.  This 
muffler  weighed  about  25  pounds.  Since  the  H-23  and  Bell  Model  47J 
engines  are  very  similar,  it  has  been  assumed  that  such  a  muffler 
could  also  be  tuned  to  the  former  aircraft  with  equally  good  results. 
Column  3  of  Table  VIII  is  taken  from  Fig.  1  of  Reference  15.  Column  4 
1 8  the  predicted  SP1.  after  incorporation  of  the  muffler. 
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TABLE  IX 

H~23  ROTOR  XMSN  ENCLOSURE 


Octave- 

Band 

SPL 

Transmission  Loss 

SPL* 

,£P.? 

Initial 

Predicted 

Treated 

3 

4 

20-75 

105 

_ 

- 

105 

75-150 

107 

- 

- 

107 

150-300 

in 

- 

- 

111 

300-600 

104 

“ 

8 

36 

600-1200 

96 

2 

H 

85 

1200-2400 

90 

i 

6 

84 

2400-4800 

83 

6 

8 

75 

4800- lOkc 

.  _...  _ 

- 

.  _! _ 

65 

*Treatment  Weight  0.40  lb/ft^  -  Reference  Table  II 


Sound  pressure  levels  with  the  muffler  installed  are  predicted  to 
predominate  in  the  transmission  frequency.  The  remaining  enclosure 
has  been  designed  to  meet  the  requirements  of  strength  as  well  as 
acoustic  requirement*  of  the  transmission  frequency  bend.  This  en¬ 
closure  consists  of  an  aluminum  panel  for  rigidity,  with  a  0.009" 
impervious  vinyl  backing  or  r.  one  inch  blanket  of  Fibetgias.  Column  1 
of  Table  IX  is  a  relisting  of  the  measured  3PI..  The  transmission  loss 
provided  by  the  aluminum-vinyl-Fibergli.s  combination  is  listed  in 
Column  3  of  Table  IX.  These  numbers  assume  107.  uncoverable  are*  and 
were  obtained  by  use  of  Fig.  52  of  Reference  14. 

In  predicting  the  final  sound  pressure  level  which  will  be  experienced, 
the  leduction  which  will  be  achieved  from  application  of  both  recom¬ 
mended  treatments  is  shown  in  Table  X.  At  300-600  cps  it  is  assumed 
that  the  lower  of  the  two  TL's  predicted  in  Tables  VIII  and  IX  (that 
due  to  the  transmission  enclosure)  will  determine  the  final  sound 
pressure  level.  Fig.  175  illustrates  the  composite  treatment  for 
the  H-23 . 
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TABLE  X 

H-23  NOISE  REDUCTION  IN  CABIN 


Octave 

Band 

SPL 

Noise  Reduction 

SPL 

cps 

Initial 

Required 

Predicted 

Treated 

1 

2 

3 

4 

20-75 

105 

1 

3 

102 

75-150 

107 

3 

10 

97 

IS0-300 

111 

7 

11 

100 

3GQ-Guu 

104 

8 

8 

36 

600-1200 

96 

6 

11 

85 

1200-2400 

90 

4 

6 

84 

2400-4800 

83 

8 

8 

75 

4800- lOkc 

74 

- 

9 

66 

4. 

The  u-37  configuration  ia  divisible  into  three  separate  general  areas, 
and  requires  three  separate  treatments:  the  cockpit,  the  forward 
cabin  or  clamshell  door  area  beneath  the  cockpit,  and  the  main  cabin 
itself . 

In  the  main  cabin  area  particularly  high  levels  are  found  in  the 
vicinity  of  the  main  transmission  (Position  14,  Fig.  90  and  Fig.  176) 
and  at  the  aft  end  of  the  cabin  (Position  23,  Fig.  90).  These  are 
treated  separately  to  bring  local  levels  down  to  those  measured  in 
the  general  cabin  area  (Position  7,  Fig.  90).  Tables  XI  ;.nd  XII 
develop  the  local  treatments  required  to  handle  these  two  items. 
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TABLE  XI 

H-37  ROTOR  TRANSMISSION  ENCLOSURE 


|  Oc  t  ave 
j  Band 

SPL 

Transmission  Loss 

SPL* 

Treated 

SPL 

Predicted 

L  _  cps  .  „ 

Initial 

Required 

Predicted 

(100%  Enel) 

(98%  Enel) 

..  1 

2 

3 

4 

5 

20-75 

1 

- 

108 

108 

I 

73-150 

109 

3 

- 

109 

109 

i 

j  150-300 

111 

1 

- 

111 

111 

300-600 

112 

4 

3 

109 

109 

bOO- 1200 

118 

11 

12 

106 

106 

1200-2400 

114 

11 

19 

95 

100 

2400-4800 

106 

10 

30 

76 

89 

4800- lOkc 

99 

10  . 

41 

58 

82 

^Treatment  Q)  Weight  0.18  lb/ f t ^  -  Ref.  Table  I 


TABLE  XII 

H-37  AFT  CABIN  TREATMENT 


Octave 

Band 

SPL 

Transmission  Loss 

SPL* 

Treated 

SPL 

Predicted 

cps 

Initial 

Required 

Predicted 

(100%  Enel) 

(98%  Enel) 

O 

3 

..  5 

20-75 

108 

108 

108 

75-150 

107 

1 

6 

101 

101 

150-300’ 

118 

8 

10 

108 

108 

300-600 

115 

7 

16 

99 

101 

600-1200 

116 

9 

24 

92 

1200-2400 

112 

9 

32 

80 

94 

2400-4800 

107 

11 

40 

67 

91 

4800- lOkc 

99 

50 

49 

83 

^Treatment  Q  Weight  0.60  lb/ f t ^  -  Ref.  Table  II 
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Sine.-  aircraft  as  delivered  has  uO  blanketing  installed,  the 
treatment  for  the  cabin  area  must  credit  the  increase  in  absorption 
as  was  the  case  with  the  K-21  discussed  in  Part  2  of  this  section. 
It  should  be  noted  that  in  the  general  cabin,  if  one  were  to  comply 
completely  with  requirements  in  the  lower  three  bands,  a  doubling 
of  weight  would  be  required  over  the  entire  general  area.  As  pre¬ 
viously  discussed  it  is  considered  advisable  to  grant  deviation  in 
such  cases  and  the  .16  lb/ft2  treatment.  Table  XIII  will  be  assumed 
acceptable.  Window  area  of  the  H-37  cabin  is  about  4 X  and  has  a 
higher  T.L.  than  the  treatment  and,  therefore,  will  have  no  adverse 
effect . 

Forward  cabin  treatments  are  developed  in  Table  XIV. 


TABLE  XIII 

H-37  GENERAL  CABIN  TREATMENT 


TABLE  XIV 

H- 37  CLAMSHELL  DOORS 


Oc ave 
Bf-iid 

SPL 

Noise.  Reduction 

pUggg 

SPL 

Predicted 

cps 

Initial 

Required 

Predicted 

^GsESB|M* 

i 

2 

3 

5 

20-75 

ill 

7 

2 

113 

113 

75-150 

102 

- 

2 

100 

100 

150-300 

108 

4 

4 

104 

104 

300-600 

103 

7 

8 

95 

95 

600-1200 

100 

10 

17 

83 

85 

1200-2400 

98 

12 

19 

79 

84 

2400-4800 

92 

17 

26 

64 

76 

4300- lOkc 

8* 

9  _| 

36 

46 

69 

^Treatment  ^  Weight  0.077  lb/ft^  -  Ref.  Table  I 


The  cockpit  area  is  almost  entirely  enclosed  in  plexiglass  and 
therefore  is  not  amenable  to  absorption  treatment.  Since  cabin  levels, 
untreated,  are  lower  than  those  in  the  cockpit,  it  can  not  be  expected 
that  the  cabin  treatment  will  have  much  effect  on  reducing  cockpit 
noise.  The  only  course  available  appears  to  be  incorporation  of 
thicker  windows  and  heavier  blanketing  to  build  up  the  T.L.  of  the 
cockpit  enclosure. 

Column  1  of  Table  XV  presents  the  sound  pressure  level  at  the  ockpit 
window  (Position  1)  and  Column  2,  the  additional  T.L.  required.  The 
present  window  weighs  .76  1 b/ f 1 2 ,  and  Column  2  is  the  T.L.  required  ot 
a  replacement  window.  Assuming  no  resonances  and  applying  rigid 
panel  mass  law,  the  new  plexiglass  (sfcout  3/4"  thick)  will  weigh  4.4 
1 b / f 1 2 .  Similarly  the  nontransparent  area  T.L.  will  be  treated  as 
shown  in  Table  XVI. 
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TABLE  XV 

H-37  COCKPIT  WINDOW  AREA 


Octave 

Band 

srL 

-  — 

Noise  Reduction 

SPL 

cps 

Initial 

HkEEBB  '  '^1 

Predicted 

Treated 

2 

3 

T 

20-75 

112 

8 

10 

102 

/  5  - 1 5  0 

105 

1 

14 

91 

150-300 

104 

- 

16 

88 

300- LOO 

105 

9 

14 

91 

600- 1200 

100 

10 

14 

86 

1200-2400 

96 

10 

15 

oo 

2400-4300 

8y 

14 

16 

73 

4800-10kc 

81 

6 

15 

66 

TABLE  XVI 

H-37  COCKPIT  BLANKET  AREAS 


Oc  cave 
Band 

SPL 

Noise  Reduction 

SPL* 

Treated 

SPL 

Predicted 

cps 

Initial 

Required 

Predicted 

(100%  Enel) 

(98%  Enel) 

1 

2 

3 

4 

5 

20-75 

110 

6 

110 

no 

■7C.U ;f» 

•  J  *  ./  w 

104 

- 

6 

98 

98 

150-300 

107 

3 

10 

97 

97 

300-600 

108 

12 

16 

92 

94 

600-1200 

104 

(4 

24 

80 

86 

l 

1200-2400 

97 

11 

32 

65 

79 

2400-4800 

90 

15 

40 

50 

74 

4800- lOkc 

81 

6 

50 

31 

64 

*Treacment  Q  Weight  O-uO  lb/ f L ^  -  Ref.  Tabic  II 
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It  is  perhaps  true  that  a  somewhat  lighter  treatment  could  have  been 
arrived  at  by  use  of  a  double  enclosure  with  an  air  gap  between  the 
panes.  While  acoustically  more  efficient  the  manufacturing  problems 
inherent  in  the  production  of  curved  double  panels  and  the  glare  and 
distortion  problems  which  would  be  encountered  preclude  their  recom¬ 
mendation.  Fig.  177  illustrates  the  composite  treatment  for  the  H-37. 

5.  I1U-1 A 

Sound  pressure  levels  throughout  this  aircraft  are  essentially  uni¬ 
form  with  a  slight  increase  at  the  aft  cabin  locations  (Fig.  94 
and  178).  The  treatment,  therefore,  consists  of  blanketing  designed 
to  art  cahin  requirements  and  heaviei  plexiglass  panels  as  derived 
in  Tables  XVII  and  XVIII.  The  absorption  due  to  additional  blanketing 
remain  essentially  unchanged  and  thus  no  direct  benefit  beyond  trans¬ 
mission  less  can  be  realized.  The  windows  (Table  XVII)  are  designed 
for  the  600-1200  octave  band  rather  than  the  much  higher  weight 
dicta_<-d  by  the  20-75  cps  band. 


TABLE  XVII 

HU- 1 A  CABIN  TREATMENT 


Octave 

Bard 

SPL 

Noise  Reduction 

SPL* 

Treated 

SPL 

Predicted 

cps 

Initial 

H35BIHU 

Predicted 

■RM935$I 

1 

2 

3  ... 

4 

■■nil 

- 

20-75 

118 

14 

118 

118 

75-150 

113 

9 

2 

112 

112 

150-300 

109 

5 

6 

103 

103 

300-600 

105 

9 

10 

95 

95 

600-1200 

95 

5 

16 

77 

81 

1200-2400 

88 

2 

26 

62 

71 

2400-4800 

80 

5 

34 

46 

63 

4800 -lOkc 

70 

- 

44 

26 

54 

★Treatment  Q  Weight  0.31  lb/ft2  -  Ref.  Table  II 
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TABLE  XVIII 

HU- 1 A  COCKPIT  WINDOW  AREA 


1  C : t ave 

Band 

SPL 

Noise  Reduction 

SPL 

cps 

Initial 

Re luired 

Predicted 

— SgEBJi 

1 

2 

3 

20-75 

112 

8 

4 

108 

75-150 

108 

4 

4 

104 

150-300 

105 

1 

6 

99 

300-600 

102 

6 

7 

95 

600-1200 

96 

6 

6 

90 

12UU-2400 

86 

- 

5 

81 

2400-4800 

79 

4 

7 

72 

4800- lCkc 

75 

5 

70 

Fig.  179  illustrates  the  composite  treatment  for  the  HU-lA 
6  YHC-1A 

The  YHC-1A  affords  a  unique  opportunity  in  that  test  data  and  noise 
reduction  treatment  details  are  available  for  the  aircraft  as  initially 
designed  and  later  as  modified  to  comply  with  MIL-A-8806.  Since  the 
latter  treatment  also  complies  with  the  proposed  specification, 
measured  data  will  be  used  throughout.  This  information  will  be  most 
useful  in  evaluating  the  efficiency  of  the  analytical  designs  used 
for  the  other  four  aircraft  studied. 

Tables  XIX  through  XXII  show  In  Column  i  the  SPL  recorded  in  the  air¬ 
craft  as  initially  configured.  Column  2  is  the  reduction  required  to 
comply  with  the  proposed  specification  and  Column  4  is  measured  data 
after  treatment.  Column  3,  in  this  case,  was  ootained  by  subtracting 
Column  4  SPL  from  those  of  Column  1. 

Figure  181  illustrates  the  composite  treatment  for  the  YHC-1A. 
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TABLE  XIX 

YHC-1A  AFT  CABIN  TREATMENT 


Octave 

Band 

SPL 

Transmission  Loss 

SPL 

CPS 

Initial 

Required 

Measured 

Treated 

1 

2 

3 

4 

20-75 

109 

5 

7 

102 

75-150 

112 

8 

11 

101 

150-300 

101 

1 

1 

13 

98 

300-600 

112 

16 

22 

90 

600-1200 

101 

11 

13 

87 

1200-2400 

93 

7 

15 

78 

2400-4800 

90 

15 

14 

76 

4800- lOkc 

93 

18 _ 

21 

72 

TABLE  XX 

FORWARD  ROTOR  TRANSMISSION  TREATMENT 


Octave 

Band 

SPL 

Transmission  Loss 

SPL 

ops 

Required 

Measured 

Tn«ted 

i 

2 

3 

4 

20-75 

103 

- 

- 

103 

75-150 

102 

- 

4 

98 

150-300 

100 

- 

8 

92 

300-600 

111 

15 

15 

96 

600-1200 

105 

15 

15 

90 

1200-2400 

96 

10 

18 

78 

240C-4800 

92 

17 

21 

71 

4300-lCkc 

84 

9 

23 

31 

TABLE  XXI 

YHC-1A  GENERAL  CABIN  TREATMENT 


Oc  tave 

Band 

SPL 

Noise  Ret 

uction 

SPL 

CpS 

Initial 

Measured 

Treated 

1 

2 

3 

4 

' 

20-75 

108 

4 

3 

105 

75-150 

105 

1 

1 

104 

150-300 

102 

- 

8 

94 

3 CO -6 00 

104 

0 

u 

12 

92 

600-120G 

98 

8 

14 

84 

1200-2400 

91 

5 

13 

79 

2400-4800 

89 

14 

13 

76 

4800-  lOkc 

85 

10 

13 

72 

TABLE  XXII 

YHC-1A  COCKPIT  TREATMENT 


Octave 

Band 

SPL 

Noise  Reduction 

SPL 

cps 

Initial 

Measured 

Treated 

1 

3 

4 

20-75 

108 

4 

10 

98 

75-i5u 

i01 

- 

8 

93 

150-300 

92 

- 

2 

90 

300-600 

102 

6 

9 

93 

600-1200 

107 

17 

10 

97 

1200-2400 

99 

13 

12 

87 

7400-4300 

91 

16 

14 

77 

-800-lOkc 

81 

6 

16 

65 
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Performance  Penalties 


fables  XXIII  through  XXVII  present  calculations  of  the  weight  penalties 
which  would  be  incurred  by  adoption  of  the  proposed  specification. 

All  areas  are  estimated  from  drawings  or  by  measurement  on  actual 
aircraft.  Weights  of  existing  treatments  were  supplied  by  the  cus¬ 
tomer.  In  each  case  both  weight  increment  and  total  weight  required 
are  shown.  It  is  important  to  note  that  most  of  the  aircraft  tested 
failed  to  comply  with  the  limits  set  forth  in  Table  IV  of  MIL-A-88C5. 
However,  the  weight  of  acoustical  treatment  required  to  achieve  this 
compliance  would  be  virtually  the  same  as  that  which  is  necessary  to 
meet  the  proposed  specification. 

fable  XXVIII  and  Fig.  182  summarize  the  weight  and  range  penalties 
incurred.  It  may  at  first  appear  paradoxical  that  the  HU-1A  which  was 
well  liked  by  the  pilots  requires  the  highest  treatment  in  percentage 
of  gross  weight  while  the  H-37  which  was  considered  very  objectionable 
requires  the  least.  There  are  two  explanations  for  this;  First,  the 
H-37,  as  delivered,  has  no  noise  attenuating  treatment  installed,  and 
ilius  the  improvement  derived  is  more  impressive  than  that  which  could 
be  obtained  by  adding  a  similar  weight  to  existing  treatments.  Second, 
the  HU-1A  displays  very  low  sound  pressure  levels  at  high  frequencies, 
and  it  is  this  low  level  which  creates  favorable  pilot  comment.  The 
low  frequency  noise  however  has  quite  high  sound  pressure  levels, 
and  the  treatment  (Table  XVIII)  is  dictated  by  the  300-600  cps  octave 
band.  As  has  been  discussed  !“eviously,  the  lower  the  frequency,  the 
higher  the  mass  requirement.  Furthermore,  since  a  large  portion  of 
the  enclosed  area  is  plexiglass  it  is  not  possible  to  assist  the 
transmission  loss  by  absorption. 

It  is  also  noteworthy  that  the  YHC-1A  weight  and  range  penalties 
which  were  determined  from,  and  validated  by  flight  test  data  are 
directly  in  line  with  those  calculated  for  the  other  aircraft,  thus 
Justifying  the  analytical  methods  employed  in  this  report. 
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RECOMMENDATION  FOR  REVISED  ACOUSTICAL  CRITERIA 


I.  INTRODUCTION  -  Task  III 

This  section  specifically  covers  the  Task  III  work  and  reviews 
Military  Specification  .KIL-A-8806  (ASG) ,  25  October  1956  in  the 
light  of  the  findings  of  Tasks  1  and  II, 

The  primary  purpose  of  this  report  is  to  establish  acoustical 
criteria  for  procurement  of  future  Army  aircraft.  This  implies 
not  only  new  airplanes  and  helicopters  but  also  VTOL/STOL  aircraft 
with  propulsion  systems  and  lifting  mechanisms  which  at  the  present 
have  experienced  little  or  no  flight  time.  Obviously,  aircraft  of 
these  types  (such  as  tilt  wings,  ducted  fans,  etc.)  have  been  flown 
by  a  very  few  pilots  and  insufficient  comment  on  noise  is  available 
to  permit  their  direct  inclusion  in  the  study.  It  is  necessary, 
therefore,  to  apply  criteria  based  on  existing  aircraft  to  the  newer 
types  of  VTOL/STOL  aircraft 

II.  COMPARISON  WITH  MIL- A-8806 (ASG) 

MIL-A-8806 (ASG)  dated  25  October  1956  titled  "Military  Specifi¬ 
cation  •  Acoustical  Noise  Level  in  Aircraft,  General  Specification 
for,"  specifies  noise  level  limits  under  four  separate  flight 
conditions: 

1.  Paragraph  3.1.1  specifies  noise  levels  at  maximum  continuous 
power . 

2.  Paragraph  3.1.2  specifies  noise  levels  for  short  duration 
conditions,  not  exceeding  five  minutes. 

3.  Paragraph  3.1.3  specifies  noise  levels  at  maximum  continuous 
power  in  aircraft  in  which  personnel  must  necessarily  wear 
helmets  at  all  times  and  communicate  by  electronic  means. 

4.  Paragraph  3.1.4  specifies  noise  levels  during  conditions  of 
normal  cruise  power. 

As  stated  in  Paragraph  6.2.5  the  limits  prescribed  in  MIL-A-8806  were 
developed  from  considerations  of  damage  to  hearing,  speech  communica¬ 
tion  requirements,  and  effects  on  crew  performance.  The  study  carried 
on  under  this  program  essentially  constitutes  a  re-evsluation  of 
these  factors  in  light  of  the  latest  medical  thinking,  and  incorporat¬ 
ing  pilot  reaction  gained  on  more  modern  aircraft.  This  is  most 
important  due  to  the  great  advancements  in  rotary  wing  aircraft  made 
during  the  1956-1960  period. 
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Paragraphs  3.1.1  through  3-1.3  of  M1L-A-8806 (ASG)  apply  to  short 
duration  exposure  only  and  as  >uch  were  not  directly  researched  in 
that  all  pilot  responses  to  the  Task  II  survey  are  assumed  based  on 
the  cruise  environment  in  which  the  pilot  spends  the  majority  of  his 
time.  Inti  rrogation  of  medical  personnel  was  also  primarily  based 
on  the  cumulative  effects  of  exposures  averaging  about  four  hours 
per  day.  For  exposures  of  approximately  five  minute  duration  there 
is  little  question  that  the  levels  prescribed  in  Paragraphs  3.1.1  * 
3.1.3  are  acceptable. 

It  is  essentially  the  limits  set  forth  in  Paragraph  3.1.4  and  Table 
IV  ot  MIL-A-8806(ASG)  which  have  been  re-evaluated  by  this  current 
program.  Medically,  the  Department  of  Speech  and  Audiology  at  Walter 
Reed  Army  Hospital  feels  that  even  these  limits  are  perhaps  excessive 
(Ref  Task  II,  Section  IV- B)  but  there  is  little  evidence  from 
actual  field  experience  co  indicate  that  the  present  -nvironment  in 
which  Army  pilots  find  themselves  is  resulting  in  a  significant 
amount  of  hearing  damage.  Admittedly,  some  cases  have  been  reported, 
but  since  there  is  a  wide  scatter  of  susceptibility  to  hearing  dam¬ 
age.  which  is  impossible  to  predetermine,  it  can  be  safely  assumed 
that  continuation  of  specifications  no  higher  than  those  currently 
applicable  will  be  satisfactory. 

The  crux  of  the  matter  then  lie-,  in  the  pilot  reaction  to  noise 
environment  lr.  the  cruise  condition.  A  comparison  of  the  results 
of  this  study  is  made  with  Table  IV  of  MIL-A-8806 (ASG)  in  Fig.  157. 

As  is  indicated  there  la  an  expression  of  requirement  for  additional 
relief  above  2400  cps.  The  major  sources  of  noise  in  this  higher 
frequency  range  are  predominantly  harmonics  of  transmission  gear 
contact  frequencies,  and  tuiblne  inlet  and  compressor  stages-  These 
ate  generally  manifested  as  discrete  frequencies  or  pure  tones  which 
are  considerably  more  irritating  than  an  equal  level  of  broadband 
noise . 

If  it  were  possible  to  develop  an  easily  measurable  and  simply  Inter- 
pretable  criteria  which  were  based  on  pure  tones,  it  would  be  strongly 
advisable  to  use  such  a  concept  as  the  basis  for  fo.'muletlng  luture 
criteria.  Unfortunately  no  absolute  measurement  or  criteria  exists 
for  this  rather  intangible  quality  and  even  close  scrutiny  of  the 
narrow  band  analyses  (Figs.  105-135)  fails  to  clearly  convey,  in  all 
case*,  tha  prasenca  of  particularly  annoying  sounds.  Howevar,  the 
rotary  wing  aircraft  Included  In  this  study  all  possess  to  some  de¬ 
gree  pure  tone  components  in  their  acoustical  spectra.  There  is  an 
indirect  inclusion  of  this  effect  in  the  octave  band  level  limits.  It 
la  believed  that  the  primary  reason  that  more  high  frequency  relief  is 
•ought  by  todays  pilots  as  contrasted  with  ihat  re  uired  in  1956  is 
that  tha  characterlatlc  of  tha  high  frequency  noise  c<>  which  they  are 
being  subjected  has  changed  in  character  from  broadband  to  discrete 
frequency  peaks. 
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ill.  EFFECT  OF  ACOUSTICAL  TKFATMKNTS 


A  review  of  Section  V,  Task  II  will  reveal  the  acoustical  treatments 
required  in  Army  aircraft  are  nearly  always  dictated  by  requirements 
between  300  cps  and  1200  cps.  This  is  established  by  the  crossover 
of  source  intensities  which  generally  decrease  in  the  higher  octaves 
and  treatment  efficiency  which  improves  rapidly  with  frequency. 

Since  the  resulting  treatments  generally  show  an  excess  attenuation, 
over  that  required,  in  the  highest  octave  bands  it  might  appear  that 
compliance  with  the  present  Table  IV  of  MIL-A-8806 (ASG)  will  also 
insure  automatic  compliance  with  the  specification  resulting  from 
this  study.  This  would  be  true  if  it  were  noL  for  two  factors: 
Firstly,  the  high  attenuations  at  high  frequencies  predicted  by  cal¬ 
culation  often  fall  far  short  of  those  actually  attained.  This  is 
not  so  much  a  lack  in  the  analysis  as  unavoidable  imperfection  of 
application  which  permits  short  circuiting  of  the  treatment  by  flank¬ 
ing  paths.  Secondly,  and  most  important,  is  the  fact  that  these 
treatments  were  all  applied  to  aircraft  of  the  current  day  fixed  and 
rotary  wing  types.  The  purpose  of  this  program  is  Lu  designate  a 
specification  for  procurement  of  future  Army  aircraft  which  may  have 
radically  different  acoustical  signatures  from  those  currently  ex¬ 
perienced.  Some  valuable  insight  into  this  problem  can  be  gained  by 
examination  of  Figs.  36,  39,  42,  45,  48,  51,  54,  57,  60,  63,  and  65 
each  of  which  shows  external  noise  levels  generated  during  flybys 
of  various  aircraft  tested.  When  compared  on  the  basis  of  100  ft. 
altitude  directly  over  the  microphone  the  first  ten  aircraft  (air¬ 
planes  and  helicopters)  all  display  maximum  amplitude  in  or  below 
the  150-300  epa  band  while  the  last  which  is  a  ducted  fan  VTOL  peaks 
in  the  b00-1200  cps  band.  From  all  present  indications  the  newer 
propulsion  systems  and  lifting  devices  can  be  expected  to  shift 
future  frequency  5,pectra  upward  placing  increased  importance  on  the 
proposed  departure  from  MIL-A-8806  as  currently  existent. 
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DURING  TAKEOFF  AND/OR  LANDING 


HUUHhNfiY  MNP  -  CiUIJiS  Pitt  iiDOONP 


tvmuracY  band  ~  oycu.s  ira  arcuMD 


|  RUNWAY  1 

...  i .  .  .  _  _ .  .  _l  .  . 

i  1 

T>1 


A/C  TEST 

H-37-2 


MAXIMUM  SOUND  T'h'E SSURL  !  tVEL.S 
DURING  IAKtUhi  AND/OR  LANDING 


!lj  I'jO  3<X)  600  J200  2I1OO  WKiO  10KC 

mEU'irWCr  I'iNi:  -  CKCiJ«  Mil  SKCOtO. 


75  J50  300  600  1200  a4oo  4800  10KC 

j'HiMlit.W.'lf  bANI)  •  PER  titvOOND 


nwfit  i  t 


SOUND  PRES5  liE  LEVEL  I.'!  BAUD  ~  DECIBELS  RE  0.0002  DYNE /S'! 


A/C-TEST 

HI!  IA  ? 

MAXIMUM  SOUND  PRESSURE  LEVELS 
DURING  TAKEOFF  AND/OR  LANDING 


EKKiUKMCY  BAWD  '  CYCLES  PER  SECOND 


rft>  150  300  60O  jliOO  2400  btiOO  10KQ 

MiBiUEHOY  BAND  "  CYOIa.i  PLH  SECOND 


w 

UNWAY 

c 

— — ~!00  '■ 

L  v 

') 

i  ICUKl  jl* 


fUi, ' 


1 

“1 

f  ' 

1 

10 

k  J 

I 

0  ft, 

1 

4- 


-  83  - 


A  A,-  TEST 
/IIC  IA-2 

MAXIMUM  SO(ifll)  PRfcbbUfit  I  L.Vtt.S 
DURING  lAKtOH  AND/OR  LANDING 


A/C-TEST 

VERTOL 

MAXIMUM  SOUND  PRESSURE  LEVELS  75-2 
DURING  TAKEOFF  AND/OR  LANDING 


WISUENCY  BAUD  -  CYCLta  FI*  BfcCOHD 


I _ 

- |oo  — 


RUNWAY 


(D 


.  joo - 


100  ft. 


f  KiUHL  i) 


MEASUREMENT  LOCATIONS  -  TEST  3 
f  IOURE  34 


MAXIMUM  EXTERNAL  SOUND  PRESSURE 
LEVELS  MEASURED  ATGROUND STATION 


A/C '•TEST 


L-20-3 


MtmUUWif  HAM)  •  CKCl.HM  HUI  HHUGM) 


DISTANCES 

o'  — . 

too' - 

200' - 

500' . 


t 

ALTITUDE 

DISTANCE  -A  (michoahone) 


A/C  -  TEST 


MAXIMUM  EXTERNAL  SOUND  PRESSURE 
LEVELS  MEASURED  ATGROUND STATION  L-20-3 


s 

R 


1 

E 


20  75  150300600  1200  2400  Wloo 

75  1‘jCi  300  6oO  1200  21(00  WtoO  10KC 

iKtkUKNOY  BAUD  -  0YCLK3  PiH  BBCOND 


DISTANCES 


o'.  . . . 

too'- - 

200- - 

500- . 


A/C 


t 

ALTITUDE 


DISTANCE 


MICROPHONE 


F  IGURP  1/ 
-  90  - 


A/C ’•TEST 

MAXIMUM  t  .X  !  l  .KMAi  .  SOUND  PRESSURE 

L-23-3 

1 1  VI  1  :»  MEASllm'DAl  GROUND  STATION 


I 


o 

a 


a 

n 


R 

o 


) 

ft 


& 

i 


K 


ft 


20  !)  l>o  >>o  tiuj  1200  ii*«00  WVjo 

lt>  iso  ;ioo  umj  lauo  :*fioO  WioO  lone 

MU»{HKNO<  llAUU  ••  OWl.SH  PICK  iJtrONO 


l‘i  l’/0  >jo  i»00  i;nn>  .:*u.u  M)OU 

I't  i’iO  >aj  iii  Ai  i;;oo  ;Jiiiu  Ii!XiU  Jot.il 


DISTANCES 


0 


A/0 


0  0 -  - 

!00' 
t  0  o  - 


n 


I 


aI  II*  UDI: 


Dili  IMK  j.  -f  (Dh.i<i;(‘Hoii».J 


-  92 


MAXIMUM  EXTERNAL  SOUND  PRESSURE 
LEVELS  MEASURED  ATGROUND  STATION 
r r- — I ALTITUDE  *500'— 1 - i- 


DISTANCES 

u'  - 

lOO  - 

200  -•  —  — 
500'  . 


.1 . LL1 


«'u  i‘j  ):,o  jkj  uo  Uuo  iiiioo 

1 1  1  *0  > a)  ia *>  juu)  Moo  loKC 

HUWUmOV  iu.Nl>  Hit  SiKOOliU 


i-“0  I')  i  >)  >H|  (AA)  IiiMaJ 

>*>  i»«»  4LI/O  .-**> » >  •illoO  luMJ 


A/C  ^ 


Al  1 1  I  lll)t 


A/C  -TEST 

L-23-3 


Dlb  I  ANl.L 


MU  MOI-MUNt 


t  0.  Il  l' 

-  93  - 


MAXIMUM  EXTERNAL  SOUND  PRESSURE 
LEVELS  MEASURED  ATGROUND STATION 


A/C-TEST 


U-IA-3 


B 

I 


O 

£3 


B 


u:"tances 


200'-  — - 

500' . 


t 

ALTITUDE 


DISTANCE 
f  luuhL  L! 


A/C- TEST 


MAXIMUM  EXTERNAL  SOl».«u  PRESSURE 
LEVELS  MEASURED  ATGROUND STATION 


U-IA-3 


*» 


o 

g 


8 


mwumcir  1AND  -  CYt;Lh3  mi  mioi  .J 


DISTANCES 


0- 

100- 

200- 

500* 


I 

At  riTuoE 


Oib  1  A  fiCE 


.  i  (wiCMoenONtJ 


-  96  - 


MAXIMUM  EXTERNAL  SOUND  PRESSURE 
LEVELS  MEASURED  ATGROUND STATION 


A/C- TEST 


H-13-3 


ih)  /3  \‘jO  JOO  MK>  lTuQ  ii'UK)  MlOO 

?•>  VjO  T'l  '(< !0  l'-ix)  O-'.IX)  U)OQ  10KC 

MlrUUi-NClf  liAHI)  «  OiCi.L'3  »‘Ml  fJBCOND 


•W  I'j  J.X'  J*  >0  Uxj  J.-uO  i'l.oO  MkX) 

7!>  i-yO  >*i  ouo  j;*.no  c:iioo  Mtoo  jokjO 


DISTANCES 

0- - 

too' - - 

200 - — 

5  00'- . 


t 

A i  i  i 


ois  i  an  a. 

I  I  At  V 


.  |  (mioujphone) 


•  'i  ' 


A/C-TEST 

MAXIMUM  EXTERNAL  SOUND  PRESSURE 

H~  1 3-3 

LEVELS  MEASURED  ATGROUND STATION 


100 


80 


60 


40 

20  75  150  300  600  1200  2400  4800 

75  150  300  600  1200  2<tO0  4800  10K0 

maumoy  band  -  cycles  m\  second 


100 


80 


60 


40 

20  7  5  150  300  600  1200  2400  4800 

75  150  300  600  1200  2400  48C0  10W3 


DISTANCES 


I 

I 

I 


. .  t 

altituoe 

DISTANCE 

FICURC  45 


A/C  -  TEST 


MAXIMUM  EXPERNAt  SOUND  PRESSURE 
LEVELS  MEASURED  A  i  GROUND  STATION  H-13-3 


DISTANCES 


too - 

L'0,1  -  - 
Sou' 


i 

•  i ■ 


A/C-TEST 

MAXIMUM  EXTERNAL  SOUND  PRESSURE 

H-21-3 

t-EVELS  MEASURED  ATGROUND STATION 


n 


g 


75  150  yx>  Guo  1200  e'too  Wtoo  ioko 

xHirtumct  i*»o  -  07ox.ua  ukoonb 


i 


DISTANCES 

o  - . . . 

10  o' - , 

200' - 

5  00'- . 


A/C 


i 

i 

i 


. . t 

ALTITUDE 

DISTANCE  »i  (microphone) 
F  I GURP  *«  /  | 


100 


A/C- TEST 


MAXIMUM  EXTERNAL  SOUND  PRESSURE 
LEVELS  MEASURED  AT6R0UND STATION 


H-21-3 


20  75  150  300  600  )200  a  too  tooo 

75  150  300  Coo  1200  2iiO0  46oo  IOKO 

yWUUENCY  BAND  -  CXCUBtJ  Ym  HKCON D 


20  1 5  150  300  600  J200  24oo  46oo 

75  150  300  600  1200  2400  4600  10KC 


DISTANCES 


PRSSS.'KE 


5 


0 

a 

« 


0 


A/C- TEST 

MAXIMUM  EXTERNAL  SOUND  PRESSURE 

H-23-3 


75  150  300  600  1200  J«iOO  Woo  10K0 

rRBJUENOY  BAND  -  CYCLES  PER  SECOND 


/ 


DISTANCES 

/ 

0-  ...  — ... 

10  c'-- - - 

200' - 

500  -  »»•»«»«. 


A/C 


t 


ALTITUDE 

DISTANCE - -A  (MICROPHONE) 

FiGUKE  50  I 


lf'3  - 


A/C -TEST 


MAXIMUM  EXTERNAL  SOUND  PRESSURE 
LEVELS  MEASURED ATGROUND STATION 


DISTANCES 


o-  ■ 

loo  -  — - 

200- - 

500-  . 


A/C 


"  t 

ALTITUDE 


DISTANCE 

FIGURE  51 


►.1  (microphone) 


H-23-3 


MAXIMUM  EXTERNAL  SOUND  PRESSURE 
LEVELS  MEASURED  AT6R0UND STATION  H-23-3 


/ 


20  75  150  300  600  1200  8400  4600 

75  150  300  600  1200  2400  4600  10K0 

nurtUENOY  KANE  -  OYCLES  PIS  SECOND 


DISTANCES 


o'-  — 

,00  -  — — — — 

200-  • - - 

500- . 


"~'t 

ALTITUDE 


DISTANCE  -4 (microphone) 

F  IGllHi.  w 


MAXIMUM  EXTERNAL  SOUND  PRESSURE 
LEVELS  MEASURED  ATGROUND  STATION 


A/OTEST 


H-34-3 


o 

B 


H 


fRERUENOY  BAND  -  CYCLES  PER  SECOND 


DISTANCES 

t 

Q-- . 

IOO'--~— .. 

200' - 

500~ . . 


- 1 

ALTITUDE 

DISTANCE-— A  (MICROPHONE) 

FIGURE.  J) 


-  106  - 


MAXIMUM  EXTERNAL  SOUND  PRESSURE  A/u  " 
LEVELS  MEASURED  ATGROUND  STATION  H-34-3 


S 


HlKiUEHOY  BAND  -  OYCUCfl  PER  SECOND 


£0  75  150  300  600  *200  a400  MJoo 

75  150  300  600  1200  2400  4000  10K0 


DISTANCES 


- 'i 

ALTITUDE 

DISTANCE— r)j((M,CftOPHONE) 

FIGURE  55  I 


108  - 


A/C- TEST 

MAXIMUM  EXTERNAL  SOUND  PRESSURE 

H*37"3 

LEVELS  MEASURED  ATGROUND STATION 


MUUUISNG*  HAND  -  CKCI.E3  MM  UHCOND 


M  Cj  l y>  juo  o<xj  j;a/)  pitco  Wkjo 

75  150  6)0  1800  L‘l|00  Mtoo  JOKU 


DISTANCES 

o'  -  A/C 

IOO' -  •»*“'* 

200'-  - - -  | 

3  00- .  1-. 


t 

AITITUDE 

.*  (MlCHOf-HONt) 


DISTANCE 

I  I  s.lllM  •  ‘.I, 


A/C -TEST 


MAXIMUM  EXTERNAL  SOUND  PRESSURE 
LEVELS  MEASURED  AT6ROUND STATION 


H 


5 


p 


n 


75  150  300  600  1200  21*00  4900  1OK0 

rfUftUIWCY  BAND  “  CYCLES  PER  SECOND 


DISTANCES 


0-  ■  -  ■ 

100-  — - 

200- - 

500  -  ■•*"***** 


JJT^Z - 

I 

I 

*— —  DISTAI 

t  I  OUriL 


t 

ALTITUDE 


r  E  ' 
5/ 


.^(microphone) 


-37-3 


MAXIMUM  EXTERNAL  SOUND  PRESSURE 
LEVELS  ME ASURED  ATGROUND  STATION 


A/C  -  TEST 

H-37-3 


o 

8 

3 

H 

a 

) 


HUMUKNOV  HAND  -  OXOUSiJ  MB  BKCOND 


100 


0 o 


oo 


4o 


At 

'('■> 


r> 

i‘jo 


VM 

>*) 


i*t 

rnkj 


Um  JajC,  MkjQ 

i  AA)  lAuO  WlOO  1UK0 


DISTANCES 


o'- - 

,00 - 

<iO0' - 

soo' 


1 

I 

ALII  ruot 

DISTANCE  (MK.MUHHUNt] 

t  liaMU'  \ti  I 


-  Ill  - 


MAXIMUM  EXT! r'RNAL  SOUND  PRESSURE 
LEVELS  MEASURED  Al  GROUND  STATION 


A/C- TEST 

HU-IA-3 


6 


8 


V, 

‘ 


8 

t 


is 


DISTANCES 

ioo' - 

too' - — 

5  00'- . 


I 

I 


I 


t 

Al  I  ITUDE 

(michohhonc) 


OlSIANlE 

t  I  l.lllU.  1  ■) 


MAXIMUM  EXTERNAL  SOUND  PRESSURE 
LEVELS  MEASURED  ATGROUND  STATION 


A/C -TEST 


MAXiMUM  EXTERNAL  SOUND  PRESSURE 
LEVELS  MEASURED  ATGROUND ST ATION 


A/C  -  TEST 

HU-IA-3 


6 


a 


75  150  300  600  1200  shoe  teX)  iuKC 

HUDUIMCY  BAWD  -  CICMft  I’P.H  DBCOND 


B 

g 

S3 


100 


Go 


60 


l*o 


A> 

h 

V* 

DISTANCES 

o'- - 

A/C 

100- - 

200' - 

\ 

5  O0'  . 

• . 

I 


AlTITUDt 

DISTANCE  *  A(MlCtlO»-t»UNtj 

t  i  1 


1 14 


MAXIMUM  EXTERNAL  SOUND  PRESSURE 


A/C '•TEST 

YHC-I A 


LEVELS  MEASURED  ATGROUND  STATION 


I 


O 

6! 


8 

B 

§ 


s 

8 

a 


DISTANCES 


mmimcr  JWrtii  i:yci.t::<  1'iJt  Uk:oni» 


0 


A/C 


IOO - 

2  uO’-  ■  —  —  . 
DOJ  • 


A  I 

;  At  III  mu 

1  I  i  i 

■  ■  in l  Am  i  •  f  lMK  } 

I  l< .«  'Ivt  '  I  I 


i  !  ^ 


MAXIMUM  EXTERNAL  SOUND  PDFS  SURF 
LEVELS  MEASURED  ATGROUND STATION 


-ALTmiwvioo 


A/C-TEST 

vhc-ia 

3 


rf'N 


t'O  I')  IV)  yhoo  WlOo 

/‘j  )•/>  \)0  (■.!)>  lone 

Miimnihiy  iwiid  oyiir.i  i  i  n  cmmii 


A  >  T  %  f  I  I  r\  t  \  /-v  /« 


*AJ  [')  J  Ml  *•<»  c 
7  b  J  *>0  >  *»  (aa»  l/MHj  jhi A) 


DISTANCES 


IOO - 

;oo- - 


Al  I  I  I  l)l»t 


I)  IS  i  AfU  L 

I  l»UI\U  l 


1  |  M IV.  i< 


il'MOfvt 


MAXIMUM  EXTERNAL  SOUND  PRESSURE 
LEVELS  MEASURED  ATGROUND  STATION 


A/C  -  TEST 


YHC-IA 


<4 


a 

I 

8 


so  75  150  yx>  600  1200  B*tOO  WOO 

75  150  300  600  1200  2400  Woo  IjOKC 

nuQumcnr  band  -  cycles  per  second 


DISTANCES 


0' - 

too'* - 

200-  - - 

500- . 


A/C 


t 

i 

i 

w 


ALTITUDE 


— rit  [microphone  I 


3 


DISTANCE 
FIGURE  64 


o 


8 

l 


R 


A/C- TEST 

MAXIMUM  EXTERNAL  SOUND  PRESSURE 

Doak~l6 

LEVELS  MEASURED  ATGROUND STATION 

3 


§1 

ALTI 

imga 

te 

n 

0 

0 

1 

■ 

■ 

5 

B 

m 

B 

5 

■ 

■ 

■ 

B  i  l 

s. 

N 

is 

■ 

5 

m 

jr 

1  . 

H 

'  •  . 

, 

\S 

■ 

■ 

m 

’ , 

| 

■ 

■ 

m 

Cl 

■ 

■ 

\ 

1  ^ 

■ 

■ 

m 

■ 

■ 

■ 

*  _ _ 

f » 

■ 

■ 

5 

20  7  5  .  50  300  600  1200  2400  4000 

75  150  Jju  £00  1200  2400  4600  IOKO 


RUQUBKIY  BAUD  -  0X0X128  tUM  SECOND 


20  75  150  300  600  1200  9400  4000 

75  150  300  600  1200  2400  4600  1OK0 

DISTANCES 


0- - - 

100- - 

200- - 

500- . 


A/C 


- t 

altitude 

DISTANCE  — *■ 

F  IGUKE  65 


-  518  - 


A/C- TEST 


5 


B 


p 


i 

R 


MAXIMUM  EXTERNAL  SOUND  PRESSURE 

Vertol-76 

LEVELS  ME  ASUREOflT  GROUND  STATION 


ramtfiwcnr  band  -  ofousa  per  second 


£0  jy  lyu  6(X>  J200  £1400  WOO 

75  150  300  too  1200  24oo  woo  iowj 


DISTANCES 

50' - 


""  t 

ALTITUDE 


DlSJANCE  (MICROPHONE) 

HGUHt  tb  ' 


APPROXIMATE  MICROPHONE  POSITIONS  USED  FOR 
VARIOUS  NOISE  MEASUREMENTS  INSIDE  AIRCRAFT 


A/C-TEST 


L-20-4 


pilot’s  ear  level  location-® 


WINDOW  LOCATIONS 


LSVZL  a  BAUD  -  CTCIBgLB  i*2  0.0002  D13E/CM1 


A/C-TEST 


L-  20-4 


20  75  150  300  600  1200  fi4oo  Mtoo 

75  350  3oo  to  1200  euoo  Woo  iokc 


CABIN -OUTBOARD  LOCATIONS 


rIGURE  69 

■  122  - 


A/C- TEST 

L-20-4 


VARIOUS  LOCATIONS  -  WINDOWS  OPEN 


20  75  150  300  600  1200  *400  4800 

75  150  300  <00  1200  240Q  WOO  10KQ 


20  75  150  3 00  600  1200  2400  WOO 

75  150  300  600  1200  2400  WOO  1OK0 

u*u  '■  otolw  m  bhtomb 


f  IbllKt  /O 


A/C-TEST 


L-23-4 


APPROXIMATE  MICROPHONE  POSITIONS  USED  FOR 
VARIOUS  NOISE  MEASUREMENTS  INSIDE  AIRCRAFT 


FIGURE  71 


A/C-TEST 


L-23-4 


PIlOl's  tAH  l  t'  Vfcl  lOCAi'lON*-(j) 


WIN  00  W  I  OCA ’I  IONS 


i.l j-w  i'i-it  lUStitittU 


A/C-TEST 


L-23-4 


SO  75  150  300  600  180Q  fiHOO  Woo 

7;  150  .300  600  1800  8^00  Woo  10K0 


CABIN  -  OUTBOARD  LOCATIONS 


FIGURE  n 

-  1 2o  - 


APPROXIMATE  Nin-KOPHGrJt  POblllONS  USED  FOR 
VARIOUS  NOISt  Mh  AS:IRt  l.ifc/J  i  S  INSIDE  AIRCRAFT 


aOCHD  rKESEUHE  ISVE.  IS  BAUD  -  PHTIBELS  KB  0.0002  U.TKE/Cy' 


A/C-TEST 


U-IA-4 


pilot’s  EAR  LEVEL  LOCATION"  ® 


WINDOW  LOCATIONS 


20  75  150  300  600  7200  «l*O0  WXK) 

75  150  300  600  JfiOO  2*t00  Woo  10KQ 

wuftumnr  who  -  oyoiia  pat  oeooho 

HtilWt  /> 

1 7b 


A/C-TEST 


IMA-  4 


CABIN- INBOARD  LOCATIONS 


» 


CABIN-OUTBOARD  LOCATIONS, 


75  15c  300  £00  *200  »U00  M) 00 

'(>  150  300  £00  1200  2400  WOO  JOWJ 


wmumcv  mho  -  oycLta  ma  B>i ma> 
f  IGURt  76 

'  l'i 


A/C-TEST 


U-IA-4 


VARIOUS  LOCATIONS  -  WINDOWS  OPEN 


eo  75  150  300  600  1200  atoo  Moo 

75  150  JOO  600  1200  2400  MOO  IOKO 


120 

100 

eo 

eo 

reemoKY  mxp  ~  cvcua  m  asm 


FIGURE  77 

-  130  - 


A/C-TEST 


H-13-4 


pilot’s  ear  level  location-© 


20  75  150  300  6C0  1200  2to0  WJOO 

75  150  300  600  1200  2 too  wo  lot® 

JWauaWK  BAND  -  CYCLES  FXR  fiXQOND 


FIGURE  79 

-  1,2  - 


A/C-TEST* 


H-2!~  4 


approximate  microphone  positions  used  for 

VARIOUS  NOliiE  MEASUREMENTS  IN'  )E  AIRCRAFT 

riGUKE  8li 

-  I  .  • 


A/C-TEST 


H-  21-  4 


pilot’s  ear  level  location  0 


CENTER  OF  CABIN  LOCATION  ® 


r — 

L 

■ 

■ 

■ 

u 

sS 

a 

■ 

■ 

■I 

a 

■ 

B 

B 

5 

m 

■ 

■ 

B 

B 

B 

'  S 

s 

jjjg 

=g 

ss 

B 

B 
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■ 

■ 

B 

K 

£5 

B 

_ 

■ 

■ 

B 

B 

B 

B 

cu 

SEE 

m 

s 

B 

B 

B 

A 

B 

a 

20  150  300  600  1200  *400  4800 

7$  150  300  600  1200  2400  4000  10N9 


WEAUBKnr  BAND  -  cyoua  fjw  SIOOHD 


FIGURE  81 


A/C^TEST, 


H-34-4 


VARIOUS  NOISE  MEASUREMENTS  INSIDE  AIRCRAFT 


FIGURE  B6 


A/C-TEST 


H- 34- 4 

<20 

100 

80 

60 

CENTER  OF  CABIN  LOCATION  © 

120 

100 

80 

60 

£0  7  5  150  300  600  ^200  2‘tOO  WOO 
75  150  300  600  1200  2400  4600  iOKfl 

FREQUENCY  BAND  ~  CYCLES  PER  SECOND 


PILOT  S  EAR  LEVEL  LOCATION  © 


w  75  150  300  600  1200  a  4oo  4floo 

75  150  300  600  1200  2400  4600  10KO 


FIGURE  8 1 

-  140  - 


nuiiunior  auie  -  cyclic  via  stcunr 


APPROXIMATE  MICROPHONE  POSITIONS  USED  FOR 
VARIOUS  NOISE  MEASUREMENTS  INSIDE  AIRCRAFT 

F  IlilJKt  yi.' 


A/C-TEST 


H-37-4 


i!0  75  lt>0  *X)  fcOO  i^uo  Ifikk) 

h  150  300  ux)  1200  ;^oo  UVio  101,0 


CENTER  OF  CABIN  LOCATION  (Ji) 


FI60*C  91 


A/C-TEST 


H-37-4 


CABIN  -  INBOARD  LOCATIONS 


A)  l:>  l*/i  60 u  ;;lioo  Wkx) 

Y5  i*,o  jia)  Um  iitoo  *.ux)  jokc 
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LIST  OF  INSTRUMENTATION 


Microphone  -  General  Radio  Condenser  Microphone  System  Type  1551 -PI -25 
consisting  of:  Microphone  S/N  507,  Preamplifier  S/N  420, 

Calibrating  Speaker  -  General  Radio  Type  1552-B,  S/N  1571. 

Transistorised  Oscillator  -  General  Radio  Type  1307 -A ,  S/N  1571. 

Tape  Recorder  -  Ampex  Model  601,  S/N  8B-128. 

Octave  Band  Analyzer  •  General  Radio  Type  1550-A,  S/N  703. 

Voltmeter  A.C.  -  Ballantine  Model  300,  S/N  52917. 

Audio  Oscillator  -  Hewlett  Packard  Model  2'OOCi),  S/t,'  391,9. 

Playback  System:  Preamplifier  -  Fisher  Chassis  30-C,  S/N  10612-A; 
Power  Amplifier  -  Fisher  Model  100,  S/N  13091 5  ,  Speaker  System  - 
Alte;  A-7. 

Wave  Analyzer  System:  Technical  Products  Model  625  consisting  of- 
Oscillator  Type  TP-626,  S/N  161;  Analyzer  Type  TP-627,  S/N  187;  Power 
Integrator  Type  TP-633,  S/N  154. 
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PILOT  OPINION  SURVEY 
AIRCRAFT  NOISE  LEVELS 
CONTRACT  DA44-I77-TC-562 


This  'questionnaire  is  part  of  a  scientific  study  which  is  being 
made,  by  a  private  organization,  to  evaluate  noise  problems  as¬ 
sociated  with  Army  aircraft.  Your  opinion  is  being  sought  to 
assist  in  the  selection  of  realistic  noise  criteria. 

The  benefits  derived  from  good  noise  control  far  exceed  those  of 
nearing  preservation  alone.  Low  internal  noise  reduces  pilot 
fatigue,  permits  good  radio  and  intercommunication  system 
operation,  and  generally  improves  physical  response  and  morale 
of  flight  crews.  Unnecessarily  strict  criteria,  however,  would 
cause  designs  which  were  too  heavy  and  result  in  undue  performance 
penalties.  It  is,  therefore,  most  important  to  consider  the 
opinions  of  pilots,  regarding  current  aircraft,  in  setting  future 
design  standards. 

For  each  aircraft  listed  below,  please  indicate  the  approximate 
number  of  flight  hours  you  have  either  as  a  pilot  or  copilot. 


L-20  (Beaver)  hrs. 

L - 2 3  (Seminole)  _ hrs. 

U  - 1 A  (Otter)  hrs. 

H - 1 3  (S  ioux)  _ hrs  . 

H  -  2 1  (Shawnee)  hrs. 

H-23  (Raven)  hrs. 

H-34  (Choctaw) _ hrs. 

h-3/  (Mojave)  hrs. 

1U-1A  (Iroquois)  _  hrs. 


You  are  diked  to  rate,  on  the  following  pages,  only  those  aircraft 
with  which  you  have  indicated  personal  experience.  Space  is  ieft 
at  the  bottom  and  reverse  side  of  each  sheet  for  any  additional 
comments  you  might  care  to  make. 


This  evaluation  was  made  by _ _ __________ 

(Signature  may  te  omitted  If  desired) 
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SAMPLE  QUESTION: 


Suppose  you  are  being  asked  to  ^ th«  flavor  of  several  brands  of 
canned  food : 

!.  P'ace  a  chock  mark  (  J  )  on  each  line  o.-posite  your  opinion  of 
the  t lavur. 

II.  Draw  a  circle  around  those  ratings  >  which,  in  your  opinion, 

aie  not  acceptable  for  Army  use. 


NOTE)  I.  You  m a/  place  your  mark  anywhere  on  the  scale,  not 
just  st  the  Indicated  ratings. 

1.  In  the  above  example  Brand  R  had  never  been  sampled. 
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SAMPLE  QUESTION: 


Suppose  you  ate  being  asked  to  rate  the  flavor  ov  several  brands  of 
canned  food : 

I.  Place  a  check  mark  (  y/  )  on  each  line  opposite  your  opinion  of 
the  flavor. 

II.  Draw  a  circle  around  those  ratings  (©  >  which,  in  your  opinion, 
arc  f'O  i  acceptable  for  Army  use. 


vlt.y  roe®  poor  fair  good  EXCtLL int 

Brand  X 
bu-i.ij  Y 

Brand  i 
Brand  Q 

Brand  R 

NOTE:  I.  You  may  place  your  mark  anywhere  on  the  scale,  not 

Just  at  the  Indicated  ratings. 

2.  ‘r,  the  above  example  Brand  R  had  never  been  sampled. 
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DIRECTIONS ; 


Relic  each  aircraft,  with  which  you  have  had  experience,  by 
placing  a  check  mark  (  )  on  esc-.  scale  indicating  your 

ywn  o p s o { on 

Fur  each  aircraft,  circle  those  ratings  (  ‘0  )  where  you  feel 
the  noise  makes  the  aircraft  unacceptable  for  Army  use.  (By 
unacceptable")  we  mean  that  the  condition  interferes  with 
operation  of  the  aircraft. 


I.  HEARiNG  LOSS  &  DISCOMFORT 

Do  noise  levels,  in  the  following  aircraft,  cause 
loss,  discomfort,  or  pain  during  or  after  flight? 
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ADO  IT 1CNAL  COMMENTS 


DIRECTIONS: 

1.  hate  each  aircraft,  with  which  you  have  had  experience,  by 
placing  a  check  .r.ark  {  v/  )  on  each  scale  indicating  youi 
own  Opinion. 

2.  for  each  aircraft,  circle  those  ratings  (0)  where  you  feel 
the  noise  makes  the  aircraft  unacceptable  for  Army  use.  (By 
"unacceptable11)  we  mean  that  the  condition  interfeies  with 
operation  of  the  aircraft. 


2.  SPEECH  l NT ERFfcRENCE 

Oo  you  encounter  difficulty  in  conversing  with  other  occupants  without  the 
use  of  intercommun ical ion  equipment? 
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ado i i i onal  comments 


DIRECTIONS i 

1.  Kate  each  aircraft,  with  which  you  have  had  experience,  by 
placing  a  check  mark  (  ■/  )  on  each  scale  Indicating  your 

Own  unintijn. 

2.  For  each  aircraft,  circle  those  ratings  (  <0  )  where  you  feel 
the  noise  makes  the  aircraft  unacceptable  for  Army  use.  (By 
"unacceptable")  we  mean  that  the  condition  Interferes  with 
operation  of  the  aircraft. 


3-  RADIO  COMMUNICATION 

Oo  you  encounter  difficulty  In  communicating  via  either  radio  or  inter- 
ccnvnuri  rest  ion  eq u  r ptr.e t ? 
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ADDITIONAL  COMMENTS 


QjRECT iQNS : 


!.  Rate  each  aircraft,  with  which  you  have  hod  experience,  by 
placing  a  check  nid.'k  (  v'  )  on  each  scale  indicating  your 
own  opinion. 

?.  For  each  aircraft,  circle  those  idlings  (0  )  where  you  f  6  C  i 
the  noise  makes  the  aircraft  unacceptable  for  Army  use.  (By 
"unacceptable  11 )  v* vp  .viean  that  the  condition  interferes  with 
operation  of  the  aircraft. 

k_. _ JUDGEMENT 

Does  the  noise,  in  tlie  following  aircraft,  make  it  more  difficult  for  you 
to  make  judgements  as  quickly  and  accurately  as  usual? 
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ADD  IT I0NAL  COMMENTS 


DIRECTIONS  i 


Rate  each  aircraft;  with  which  you  have  had  experience,  by 
placing  a  check  mark  {  y  )  on  each  scale  indicating  your 
own  opinion. 

ror  each  aircraft,  circle  those  ratings  (  (^)  where  you  feet 
the  noise  makes  the  aircraft  unacceptable  for  Army  use.  (By 
"unacceptable")  we  mean  that  the  condition  Interferes  with 
operation  of  the  aircraft. 


5.  COORDINATION 

Does  the  noise,  in  the  following  aircraft,  make  coordination  and  actual 
flying  more  difficult  for  you? 
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Si  SECTIONS: 


!.  Rate  each  aircraft,  with  which  you  have  had  experience,  by 
piscina  a  check  mark  (  y  )  on  each  scale  Indicating  your 
own  opinion. 

2.  For  each  aircraft,  circle  those  ratings  (  (0  )  where  you  feel 
the  noise  makes  the  aircraft  unacceptable  for  Army  use.  (By 
"unacceptable")  we  mean  that  the  condition  Interferes  with 
operation  of  the  aircraft. 


7.  NOISE 

Rate  the  following  aircraft  with  regard  to  yom  opinion  of  its  geneiui  noise 
envi ronment . 
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ADDITIONAL  COMMENTS 


DIRECTIONS  i 


1.  Rate  each  aircraft,  with  which  you  have  had  experience,  by 
placing  a  check  mark  (  y/  )  on  eacn  scale  indicating  your 

UVVI »  i  n  !  on  * 

2.  For  each  aircraft,  circle  those  ratings  {  (^  )  where  you  feel 
the  noise  makes  the  aircraft  unacceptable  for  Army  use.  (By 
''unacceptable")  we  mean  that  the  condition  Interferes  with 
operation  of  the  aircraft.. 


8. _ V i  5RAT  i  Oil 

Rate  the  following  aircraft  with  regard  to  your  opinion  of  physical  vibration. 
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APPENDIX  V 


ARMY  INSTALLATIONS  SLiKVtYEU 


Aircraft  r.otaJ  in  the  pilot  opinion  survey  were  rated  by  pilots 
the  following  Army  bases: 

Port  Belvoir,  Virginia 
Fort  Benning,  Georgia 
Fort  Campbell,  Kentucky 
Fore  Carson,  Colorado 
Fort  Devens,  Massachusetts 
Fort  Eustis,  Virginia 
Fort  Hood,  Texas 
Fort  Knox,  Kentucky 
Fort  Lewis,  Washington 
Fort  Ord,  California 
Fort  Riley,  Kansas 
Fort  Rucker,  Alabama 
Fort  Sill,  Oklahoma 
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DISTRIBUTION  LIST 


C '-"-"Banding.  General 

United  States  Continental  Army  Comas;. nd 
ATTN:  Materiel  Developments 

Fort  Monroe,  Virginia  (2) 

The  Surgeon  General 
Department  of  the  Army 
Main  Navy  Building 

Washington  25,  D.  C.  (1) 

Commanding  General 

United  States  Army  Infantry  Center 

ATTN:  Transportation  Officer 

Fort  Penning,  Georgia  (1) 

Commandant 

U.  S.  Army  Aviation  School 
ATTN:  Combat  Developments  Office 

Fort  Rucker,  Alabama  (2) 

President 

United  States  Army  Armor  Board 

Fort  Knox,  Kentucky  (1) 

President 

United  States  Army  Aviation  Board 
ATTN:  ATBG-DG 

Fort  Rucker,  Alabama  (2) 

headquarters 

U.  S.  Army  Aviation  Test  Office 
ATTN:  FTZAT 

Edwards  Air  Force  Base,  California  (1) 

Deputy  Chief  of  Staff  for  Lugiuticn 
ATIN:  Requirements  Division 
Department  of  the  Army 

Washington  25,  D.  C.  (2) 

Deputy  Chief  of  Staff  for  Military  Operations 
ATTN:  Director  of  Organisation  and  Training,  Doctrines 
and  Combat  Developments  Division 
Department  of  the  Army 

Washington  25,  D.  C.  (D 

Army  Research  Office 

Office  of  the  Chief  of  Research  and  Development 
ATTN:  Research  Support  Division 
Department  of  the  Army 

Washington  25,  D.  C.  (i) 
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DISTRIBUTION  LIST  (Continued) 

Office  of  Chief  o£  RiD 

ATTN;  Air  Mobility  Division 
Department  of  the  Army 
Washington  25,  D.  C. 

Officer  in  Charge 

U.  S.  Army  Transportation  Aviation  Field  Office 
ATTN:  ALO  -  Room  1716 

Bureau  of  Naval  Weapons,  Department  of  the  Navy 
Washington  25,  D.  C, 

Commander 

Naval  Air  Test  Center 
ATTN ;  U.  S.  Army  Liaison  Officer 
ATTN:  Technical  Library 
Patuxent  River.  Maryland 

Commanding  General 

U.  S.  Army  Ordnance  Missile  Command 

ATTN:  ORDXM-T 

Redstone  Arsenal,  Alabama 

President 

The  Ordnance  Board 
ATTN:  Library 

Aberdeen  Proving  Ground,  Maryland 
Commanding  General 

Quart ermastci  Research  and  Engineering  Command,  U.  S.  Army 
ATTN:  Technical  Library 
Natick,  Massachusetts 


President 

U.  S.  Army  Signal  Board 
Fort  Monmouth,  New  Jersey 

Chief  of  Transportation 
ATTN:  TCDRD 
ATTN:  TCAW 
ATTN.  ICR EG 
ATTN:  TCSOP 
ATTN :  TCCAD 
Department  of  the  Army 
Washington  25,  D.  C. 

Commanding  Officer 

U.  S.  Army  Transportation  Combat  Development  Group 
Port  Eustis,  Virginia 


iii  SYi.  i_Mi  »  i m;:  sj.it  (i.onL  Ln*«ea; 

C  omman d in g  General 

!J .  S.  Army  Transportation  Materiel  Command 

ATTN:  TCMAC-Ai’U  ard  ict-ul »  far  Aviation  Engineering 


P.  0.  Box  209,  Main  Office 

St.  Louis  66,  Missouri  (19) 

C  omnia  n  dam 

U.  S.  Army  Transportation  School 
ATTN:  Adjutant 

tort  fastis,  Virginia  (3) 

Commencing  Officer  (1) 

U.  S.  Army  Transportation  Research  Command 

ATTN:  Executive  for  Programs  (2) 

ATTN.  Research  Reference  Center  (1^) 

ATTN:  Editorial  Branch  (2) 

ATTN:  Aviation  Directorate  (3) 

ATTN:  Military  Liaison  A  Advisory  Office  (4) 

ATTN.  Deputy  Commander  for  Aviation  ( U 

Fort  Eustis,  Virginia 


Commanding  Officer 

n  s  a y  transportation  Research  Command  Liaison  Office 
ATTN:  MCLATS 

Uright-Patterson  Air  Force  Base,  Ohio  (1) 

Ccmrviuaer 

Air  Research  A  Development  Command 

ATTN :  KDR-LA 

Andrews  Air  Force  Base 


Washington  25,  D.  C.  (1) 

Cotntiander 

Wright  Air  Development  Division  (WWAD  Library)  (1) 

ATTN:  UCLSY-V  (1) 

Wright-Patterson  Air  Force  Bare,  Ohio 

Hq  USAF  (AFDFD) 

Washington  25,  D.  0.  (1) 

Chief  of  Naval  Research 
Code  461,  haj.  L.  C.  Robertson 

Washington  25,  D.  C.  (1) 

Chief.  ,'turpHii  of  Nival  Weapons  (R-38) 

Department  of  the  Navy 

Washington  25,  D.  C.  (1) 
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DISTRIBUTION  LIST  (Continued) 


Commandant 

Li.  S.  Army  Transportation  School 
ATTN:  Marine  Corps  Liaison  Officer 
Fort  Eustis,  Virginia 

Commandant 

U.  S.  Const  Oijniu 

ATTN:  Chief,  Testing  and  Development  Division 
1300  "E"  Street,  N.W. 

Washington  25,  D.  C. 

National  Aviation  Facilities  Experimental  Center 

ATTN:  Library 

Atlantic  City,  New  Jersey 

National  Aeronautics  and  Space  Administration 
ATTN:  Bertram  A.  Mulcahy 

Assistant  Director  for  Technical  Information 
1520  H  Street,  N.W. 

Washington  25,  D.  C. 

British  Joint  Services  Mission  (Array  Staff) 

ATTN:  Lt.  Col.  R.  J.  Wade,  RE 
DAQMG  (Mov  &  Tn) 

3100  Massachusetts  Avenue,  N.  W. 

Washington  P.  D.  C. 

Commander 

Armed  Services  Technical  Information  Agency 
ATTN :  TIFCK 
Arlington  Hall  Station 
Arlington  12,  Virginia 

Office  of  Technical  Services 
Acquisition  Section 
Department  of  Commerce 
Washington  25,  D.  C. 

Librarian 

Langley  Research  Center 

National  Aeronautics  &  Space  Administration 
Langley  Field,  Virginia 

Ames  Research  Center 

National  Aeronautics  and  Space  Agency 

ATTN:  Library 

MOiI.^rr  California 


DISTRIBUTION  LIST  (Continued) 
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